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続の第四級炭素 (all-carbon quaternary carbon center)を含む六環性ビスアミジンであると推定され、
































第一節で述べた perophoramidine (1)および構造的に類似した communesin 類 (3-10)は、その生物
活性のみならず、他に類を見ない複雑な多環性構造により有機合成化学者の興味を集め、結果と
して多くの合成研究がなされることとなった。2013 年末時点で、1 の全合成に関してはラセミ合
成が 1 件8および不斉合成が 2 件9 ,10報告されており、Ireland によって 1 より誘導された
dehaloperophoramidine (2)についてはラセミでの合成が 1 件 2報告されている。また、communesin






はアミナールの構築法は以下の通りである (Scheme 4)。Weinrebによる分子内 Heck反応を用いた
スピロオキシインドール合成法 12 (A)を唯一の例外として、既存の多環性骨格構築法は全て Stoltz
らによって提唱された生合成経路と同様の、tryptamine類縁体を原料としたC4-C20およびN11-C12




全に同一の合成戦略に則っている。以下、これまでに達成された 1の全合成 (D,E,F)および 2の合
成(G)について紹介する。 
Funk らが 2004 年に報告した 1 のラセミ全合成 8は、3-ブロモオキシインドール 19 に塩基を作
用させて系内で生成させたキノンメチドイミン 20 とインドール誘導体 21 とのヘテロ Diels-Alder
反応を鍵反応としている (Scheme 5)。付加体であるアミナール中間体 22を経て>20:1の選択性で
得られた生成物 23のオキシインドール窒素上に電子求引性保護基を付与し、ラクタム環の組み換
えを行ってスピロラクタム 24 とした。この化合物 24 を塩素化した後、ラクタム環の組み換えを
含む各種の変換反応を経て六員環ラクタム 25 を合成し、六環性アミナール 26 の構築後に二酸化
マンガンによってアミナール 26をアミジンへ酸化することで 1の全合成を達成している。この全
合成により、Irelandによって提唱された 1の構造 1が妥当であることが合成化学的に証明された。 
 
2010 年に Qin らによって報告された (+)-1 の不斉全合成では、キラルスルホキシドが不斉補助
基として利用されている 9 (Scheme 6)。合成戦略は Funkらが利用したものと同じヘテロDiels-Alder
反応であるが、Qinらは 3-ヒドロキシオキシインドール誘導体 27から Diels-Alder反応に先んじて
五員環ラクタムの構築を行った 28を鍵反応の原料として用いている。ラクタム 28から系内調製 
 
 6 
したキノンメチドイミン 29 と、フタルイミドでアミンを保護したトリプタミン誘導体 30 との
Diels-Alder 反応は、銀塩のスクリーニングや溶媒検討の結果、11:1 のジアステレオ選択性で目的
物を与える結果となった。これによって得られた 31に対して塩素化と不斉補助基の除去などを行
って化合物 32 とし、イミデートへの変換やアミジンの環化などを経て六環性アミナール 33 とし
た後、アミナールの酸化に続くアミジンの位置選択的 N-メチル化によって (+)-1を合成している。
不斉全合成が達成されたことにより、天然型である (+)-1 の絶対立体配置が 4R, 20S 体 (Figure 1)
であることが明らかとなった。 
近年報告された Wang らによる触媒的不斉全合成 10も同様の戦略に基づく合成であり、触媒量
の酢酸ニッケル (Ⅱ)と不斉ジアミン配位子存在下、3-ブロモオキシインドール 34からキノンメチ
ドイミンを生成させることでインドール 35に対して不斉アルキル化を行い、12:1 のジアステレオ
選択性でインドレニン 36を 90%の鏡像体過剰率で合成した (Scheme 7)。この化合物 36は数工程
を経てスピロラクタム 37へ誘導されたが、ラクタム環の組み換えとアミナールの酸化などによっ
て五環性アミジン 38へ変換した後、アミジンの Boc 化と再還元によって Funk の報告した中間体
であるアミナール 39 へと導いている。この後、Funk とほぼ同様の手法を用いて六環性アミナー






類似の示唆に富む知見は、Rainierらによって 2006年に報告された 2のラセミ合成 2にも見出す
ことができる (Scheme 8)。Rainierらは、N-Boc イサチンから合成した 41の水酸基を塩基存在下脱
 7 
離基へと変換することで、インドール環への求電子的アルキル化が進行してスピロラクタム 42へ




ル 46から A環を構築して六環性アミナール 47とし、その後アミナールを酸化することで 2の合
成を達成している。 
 
A 環構築時におけるアミジンとアミナールの差異について、同文献 2内で Rainier らは以下のよ
うに述べている (Scheme 9)。すなわち、Funk らの報告 8で円滑に環化が進行した要因は、五環性















本章に続く第二章では、ヨウ化サマリウム (Ⅱ) (SmI2)によるイミノインドリン合成法の開発と 1
の五環性骨格構築への応用について述べる。筆者は、分子内に不飽和カルボニル部位を有するカ



























































































れた (Scheme 24)。後に、より高度に官能基化された基質 61 に対して本反応が適用できることが






法をカルボジイミド 64に適用することで 3位に第四級炭素を有する 2-イミノインドリン合成法が
開発できると想定し、この反応の生成物 65 から更に環化を行うことで五環性アミジン 66 へ誘導














よって所望のカルボジイミド 75aを 94%で合成した。 
 
続いてカルボジイミド 75a を基質として SmI2による還元的環化反応の検討を行った (Table 1)。
テトラヒドロフラン (THF)中でカルボジイミド 75a に対して SmI2を 2.4 当量作用させると–78  ℃
では全く反応が進行しなかったが、室温条件下では反応が 15分で完結し 55%で目的の環化体 76a
を得ることができた (Entries 1,2)。なお、これらの反応は SmI2溶液に基質溶液を添加する逆添加
条件にて実施した。続いて Fukuzawa23や Inanaga24らの条件を参考にアルコールの添加を検討した











なかった (Entries 7-9)。なお、生成物 76aのアミ
ジンを Boc 基で保護した保護体 77a の構造は、
X 線結晶構造解析によって決定した  (Scheme 
27)。以上の検討結果から、室温で 2.2 当量の tert-ブチルアルコールを添加剤として加える条件を
標準条件として、基質一般性の検討に移ることとした。 
 
モデル基質 75a と同様の方法で合成した類縁体 75b-75j について、SmI2による還元的環化反応
を検討した結果を次に示す (Table 2)。反応の生成物は重クロロホルム中でアミジンの互変異性体
混合物として観測される場合があり、また一部の生成物では溶液中での経時的な分解が確認され
たことから、基質一般性は還元的環化反応と生成物の Boc 保護による 2 工程の通算収率で評価す
ることとした。モデル基質で良好な結果が得られた標準条件 (条件 A)で検討を行ったところ、後
にインドリン環を構成する左側芳香環上の置換基については、カルボジイミドのパラ位メチル化
体 75b、メトキシ化体 75c、クロロ化体 75dのいずれにおいてもそれぞれ 87%、73%、62%で目的









の SmI2 溶液(上清)の添加を採用し、アニオン性中間体の迅速なプロトン化を意図して 10 当量の
tert-ブチルアルコールを用いることで対処を試みた (条件 B)。条件 B で再度検討を行ったところ、
目論見通り、全般的な収率の向上を確認することができた。カルボジイミドのオルト位にメチル
基あるいはクロロ基をもつ基質 75f,g ではそれぞれ 66%、86%と良好な収率で環化保護体 77f,g が
得られ、メタ位メチル化体 75h、パラ位メトキシ化体 75i、パラ位フッ素化体 75jについても 86%、
74%、87%の収率でそれぞれ環化保護体 77h-jを得た。また、本反応はエステルに対しても適用可






シリカゲル薄層クロマトグラフィー (TLC)による反応の追跡から本反応の完結には 2 当量以上
の SmI2が必須であることが明らかとなったため還元的環化には 2 当量の SmI2が関与しているこ
とが推察されるが、この反応の反応機構としては還元される部位と順序により大きく四つの候補
が考えられる (Scheme 28)。基質 75x は SmI2による一電子還元を二度受けた後、アルコールによ
ってプロトン化されることで最終的に環化体 76x へと変換される。プロトン化はいずれの段階で
も可能ではあるが、仮にジアニオン 78を最終中間体と仮定すると、四つの反応経路は以下の通り
である。すなわち、①不飽和カルボニル部位が SmI2によって一電子還元を受けてラジカル 79 を
生じた後、更に還元が起きてサマリウムホモエノラート 80が生成し、これがカルボジイミドに対
して付加反応を起こす経路 A、②ラジカル 79 がカルボジイミドに付加し、これを SmI2が捕捉す








なわち、Inanaga らは大過剰量の BINOL と N,N,N’,N’-テトラメチルエチレンジアミン (TMEDA)の
存在下ではあるが、–78  ℃という低温下で N,N-ジアルキル不飽和アミド 83 が SmI2によって一電
子還元を受けてラジカルを生じ、少量の共役還元体 84 を伴いながら二量化体 85 へと変換される
ことを報告した 42 (Scheme 29)。また、Procterらの検討によって、位に exo型オレフィンを有す
るケトラクタム 86 が還元されることで分子内アルドール反応が進行し、スピロ環化体 87 が得ら
れることが明らかとなった 43 (Scheme 30)。これらの知見は、不飽和ラクタムの還元を契機とする
経路 Aおよび Bの可能性を強く示唆する結果であるといえる。なお、対照実験としてカルボジイ






たため、筆者は経路 Cおよび経路 Dの妥当性を検証すべく、類縁体を合成して対照実験を試みた 
(Schemes 31,32)。まず、ジフェニルカルボジイミド 88に対して還元的環化反応の条件を適用した




ボジイミドからジアニオン 82 を生成する経路 D を明確に否定する結果である。続いて、ラジカ
ル受容体として分子内にジエンを持つカルボジイミド 91で同様の検討を試みたが、こちらについ











前節で述べた SmI2による還元的環化反応に基づき、モデルとして dehaloperophoramidine (2)を標
的化合物とした逆合成解析を行った (Scheme 33)。2 の A 環を五環性ラクタム 94 から構築するこ






ルトリフラート 71と既知のボロン酸 9846を Suzukiカップリング反応 38によって結合し、収率 88%
で Boc保護アニリン 99とした。これに対して臭素を作用させた後、溶媒の塩化メチレンと余剰の
臭素を減圧留去して溶媒をジオキサンに置換し、1,8-ジアザビシクロ[5.4.0]ウンデ-7-セン (DBU)
を作用させるとα位のブロモ化と Boc基の除去が進行したアニリン 100を 84%の収率で得ること




ラクタム 102を合成し、粗生成物をトリフルオロ酢酸で処理することでアニリン 103を 2工程 50%
の収率で得た。これに対して対応するイソシアネートを作用させて、収率 87%および 71%で N’-(p-
メトキシフェニル) (PMP)ウレア 104aおよび N’-(p-メトキシベンジル) (PMB)ウレア 104b へと変換
し、トリフェニルホスフィンと四臭化炭素を用いた脱水反応によってカルボジイミド 105a,bをそ
れぞれ収率 97%と 61%で合成した。 
基質一般性検討の結果良好な結果が得られた N,N’-ジアリールカルボジイミド 105a について
SmI2による還元的環化反応の条件を適用したところ、単一のジアステレオマーとして環化体 106a





れる (Figure 8)。続いて筆者は N’-PMB 体 105b について同様
の反応を試みた (Table 3)。興味深いことに、還元的環化反応
の最適条件では全く反応が進行せず、原料が未反応のまま回
収される結果となった (Entry 1)。反応系を 60  ℃まで加熱して
も効果がなく同様の結果に終わったが (Entry 2)、HMPAを添
加すると反応は室温でも進行し、目的の環
化体 106b を 90%と優れた収率で得ること








すなわち、不飽和ラクタムから 2 当量の SmI2による一電子還元を受
けて生成したホモエノラート 108 (Figure 9)が、モノアルキルカルボ
ジイミド (R = PMB)に対して付加するために HMPAが必要とされることになる。HMPAは SmI2の
還元電位を下げる役割が知られている Lewis 塩基 40であり、求電子剤であるカルボジイミドの活
性化に寄与するとは考えにくい。Lewis 塩基としてホモエノラート側の求核性を向上させている









した (Table 4)。スピロラクタム 106aに対してジメチルアセトアミド (DMA)中、3当量のナトリウ
ム tert-ブトキシドを作用させて 24時間撹拌したところ、室温では反応が進行しなかったが (Entry 
1)、60  ℃に加熱した場合では 45%の原料回収とともに 20%の異性体 109が得られた (Entry 2)。更
に昇温して 120  ℃とすると、異性体 109aの他に少量ながら生成物が確認され、解析の結果所望の
五環性アミジン 110a であることが明らかとなった。目的物 110a の相対立体配置は NOESY スペ
クトルにおいてラクタム位のプロトンと芳香環上の二つのプロトンに NOEが観測されたことか










性をもたらすことが知られているアルキルホスフィンを 20mol%添加して DMA 中 120  ℃で 24時
間加熱する条件で検討した結果、触媒と配位子を添加しない条件 (Entry 1)に比べて cataCXium® 
A
48aを用いた場合ではほとんど収率が変化しなかったが (Entry 2)、トリ tert-ブチルホスフィン 48b
テトラフルオロホウ酸塩を添加した場合には 63%まで大幅な収率の改善が見られた (Entry 3)。更
にシクロヘキシル基を持つホスフィンは概して良好な結果を与え、CyclohexylJohnPhos48cでは 66%、
DavePhos
48dでは 70%とそれぞれ収率の向上が見られた (Entries 4,5)。特にトリシクロヘキシルホ
スフィン 48e,fテトラフルオロホウ酸塩は高い活性を示し、17 時間で原料の消失とともに 78%で目
的の環化体 110aを得ることができた (Entry 6)。反応の進行に伴って系内にパラジウム黒の形成が
認められたため、これを抑制する目的で触媒と配位子の添加量を半減して反応を試みたところ、


















シフェニル (PMP)基に限定されていたこと、②各ユニットの連結および D 環の構築にパラジウム
触媒による結合形成反応を利用したため最終的なハロゲン原子、特に臭素原子の導入が困難であ
ると考えられること、③-アミノ酸 67から五環性アミジン 110aまでに 13工程、既知化合物であ




ところで、ヨウ化サマリウム (Ⅱ) (SmI2)による還元的環化反応のモデル基質 75a は室温条件下に
おいて若干の不安定性を有していることが観察され、その利用には化合物の用時調製が必須であ
った。その副反応は熱的な 6π電子環状反応であり、特に加熱条件下ではアミノキノリン 111 が
58%と中程度の収率で得られることが明らかとなった (Scheme 37)。このような 6π電子環状反応
による 2-アミノキノリン合成法は Saito50a、Molina50bらによってそれぞれ独立に報告されたもので





















役付加体 116が得られることを報告し52a (Scheme 
39)、その後本反応についての幅広い検討を行っている 52。 
また、Tomioka らはイミン 117 に対するフェニルリチウムの付加反応が少過剰量の光学活性ジ
エーテル配位子 118 によってエナンチオ選択的に進行し、アルデヒド 119 への加水分解と、続く




Clayden らは N-ベンジルナフタミド 122 に tert-ブチルリチウムを作用させることでベンジル位
あるいは芳香環オルト位のリチオ化が進行し、ヘキサメチルリン酸トリアミド (HMPA)の存在下で
脱芳香族環化反応が進行した生成物 123が得られることを見出し (Scheme 419)54a,b、後に不斉補助
基を利用した不斉合成法へと展開した 54c。また Ortiz らはシアノナフタレン 124 へのアルキルリ












知のラクタム 12857とボロン酸 9846を鈴木カップリング反応によって結合して Boc 保護アニリン
129 を収率 88%で合成し、Boc基をトリフルオロ酢酸 (TFA)によって除去して 99%でアニリン 130
とした。これに 2-ヨードフェニルイソチオシアネートを作用させて 85%でチオウレア 131を合成
した後、ヨウ素を用いた脱硫反応58によってカルボジイミド 114へと変換し、これを単離すること
なくジクロロエタン中 80  ℃で加熱することによって所望のアミノキノリン 132 を粗生成物とし
て得た。続いてラクタム窒素原子を選択的に Boc 基で保護することによって、3 工程 69％収率で
Boc保護ラクタム 133へ誘導した。次に、アミノキノリン 133を Boc基で更に保護することで Boc
化体 134a を、アリル化および p-メトキシベンジル (PMB)化することによってアリル化体 134b、
PMB化体 134cをそれぞれ 92%, 86%, 91%の収率で合成した。このうち Boc化体 134aおよび PMB







を合成した (Scheme 45)。まず、アミノキノリン 134c の Boc基を TFA によって収率 99%で除去し
てアミド 135とし、ここから Lawesson試薬59によってチオラクタム 136を 97%の収率で得た。続
いて、ヨウ化メチルを用いた S-メチル化によって収率 89%でメチルチオイミデート 137 とし、メ
チルアミンで置換することでアミジン 138 へと変換後、Boc 基による保護を経て 2 工程 87%の収
率で Boc保護アミジン 139 を合成した。 
 
このように合成したアミド 134a-cおよびアミジン 139を基質として、脱芳香族共役付加反応の
検討を行った (Table 6)。テトラヒドロフラン (THF)中–78  ℃において基質に対して 1.1 当量の n-
ブチルリチウム (nBuLi)を作用させて 0  ℃まで昇温して 1時間撹拌する条件を初期条件としたとこ
ろ、Boc保護体 134aは原料の消失と共に複雑な混合物を与えたのに対し (Entry 1)、アリル保護体 
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134bおよび PMB保護体 134cを用いた場合には目的の五環性ラクタム 140bおよび 140cをそれぞ
れ 68%と 63%の収率で得ることができた (Entries 2,3)。また、PMB保護体 134c に対して作用させ
る nBuLiを 2.1当量に増量した場合にも目立った副反応は観察されず、68%と同程度の収率で目的
の環化体 140cが得られた (Entry 4)。これに対してアミジン 139は異なる反応性を示し、初期条件 
(1.1 当量)においては 41%と低収率の五環性ビスアミジン 140d に加え、23%の脱ヨウ素化体 141
と 12%の原料が回収される結果となった (Entry 5)。nBuLi の量を漸増させると、原料の消失およ
び脱ヨウ素化体の減少と共に目的物の収率向上が見られ、1.6当量では 57%、2.1当量では 74%の
収率でそれぞれ目的のビスアミジン 140d を得ることができた (Entries 6,7)。このアミジン体 139
の脱芳香族共役付加反応は–78  ℃あるいは 0  ℃では良好に進行しないことから、–78  ℃での試薬
の添加とその後の昇温が高収率に必須であることが明らかとなった (Entries 8,9)。なお、生成物で
あるビスアミジン 140d の構造は X 線結晶構造解析によって決定され、その結果 B 環上の 2 つの
芳香環が互いに trans配置である perophoramidineと同じ相対配置をもつことが明らかとなった。 
本反応の推定反応機構を次に示す (Scheme 46)。リチウム-ハロゲン交換反応によってヨウ化ア
リール 142 から有機リチウム 143 が生成し、これが分子内のキノリン 3 位へ 5-exo 型の脱芳香族
共役付加反応を起こすことで (アザ)エノラート 144を生じ、プロトン化を経て生成物 145に至る。 
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アミド 134cの場合とは対照的に、アミジン 139を基質とした際に nBuLiの添加量が収率に影響
している事実は興味深い知見である。アミドを電子求引基とする脱芳香族共役付加反応は昇温を
必要とせず–78  ℃でも進行する事実 (本章二節で詳述)、更にアミジン 139に 1.1 および 1.6当量の
n
BuLiを作用させた場合の副生成物が脱ヨウ素化体 141であった点を考慮すると、余剰の nBuLi は
リチウム-ハロゲン交換反応の副生成物であるヨウ化ブチル (nBuI)のスカベンジャーとして働くこ
とが推察される。すなわち–78  ℃での環化反応が遅いために系内に蓄積したアリールリチウム 143
に対して、副生した nBuIからのプロトン化反応が昇温過程で競合したと考えられる。 
余剰の nBuLi の役割を確認すべく次の実験を試みた (Table 7)。THF 中、4-ヨードビフェニルに
対して–78  ℃にて 1.0当量の nBuLiを作用させて 0  ℃まで昇温すると、4-ブチルビフェニル 147a60
が 94%の収率で得られ、プロトン化体であるビフェニル 147b は観察されなかった (Entry 1)。こ
れに対して同様の条件下 2.0 当量の nBuLi を作用させ、昇温後に 2.2 当量のベンズアルデヒド 
(PhCHO)を添加した場合、14%のプロトン化体 147bと共に PhCHO 付加体 14661が 73%と良好な収
率で単離され、nBuLi の PhCHO 付加体 147c は得られなかった (Entry 2)。続いて–78  ℃における
反応性を確認すべく同様の検討を行った。–78  ℃で 1.0 当量の nBuLi を作用させて 1 時間撹拌し、
1.1当量の PhCHOを添加した後に 0  ℃まで昇温すると、72%の PhCHO 付加体 147cに伴って、ブ
チル化体 147aやプロトン化体 147bがそれぞれ 9%ずつ得られる結果となった (Entry 3)。2.0当量
の nBuLiを用いて 2.2当量の PhCHO を添加した場合、PhCHO 付加体 147cのみが 89%の収率で単
離された (Entry 4)。これらの実験から次の事実が明らかである。①リチウム-ハロゲン交換反応の
結果生じたアリールリチウム種は nBuIと副反応を起こす。②この副反応は–78  ℃では遅いが 0  ℃
ではアリールリチウムが速やかに消費される。③余剰の nBuLi が存在した場合、これが消費され












件 (Table 6, Entry 7)を適用した後に 2.1当量のヨウ化アリルを添加すると、67%と良好な収率で二




本反応のジアステレオ選択性は以下のように説明される (Scheme 48)。基質 142 に対してリチオ
化反応と脱芳香族共役付加反応が進行した (アザ)エノラート中間体 144 は、下部アミジンの sp2





生成物 148 から 2 への変換は以下のように行った (Scheme 49)。N-メチルモルホリン-N-オキシ
ド(NMO)を代替酸化剤とする四酸化オスミウムによるジヒドロキシル化と、続く過ヨウ素酸ナト
リウムによる酸化分解によってビスアミジン 148 の末端オレフィンをアルデヒドへ変換したとこ




元して収率 76%でビスアミジン 151へと変換し、リン酸-アニソール溶媒中 120  ℃で加熱するこ
とで PMB基を除去62して収率 71%で dehaloperophoramidine (2)の合成を達成した。なお、トリフル
オロ酢酸を添加した重クロロホルム中で測定した 2 の 1H および 13C 核磁気共鳴スペクトルは、





本研究における 2 の合成経路は文献既知化合物であるブロモラクタム 12857から 17 工程、その
通算収率は 9.5%であり、既に報告されている Rainierらの合成経路 2 (N-ベンジルトリプタミンよ
り 18工程、総収率 7.5%)よりも合成工程数が少なく、また高収率であった。
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 第二節 脱芳香族共役付加反応によるハロゲン化六環性ビスアミジンの合成 (要約) 






は困難とされた 2 上部アミドからの効率的な A 環構築に成功し、8 位臭素を導入した
dehaloperophoramidineを合成することができた。 





続く 6工程でアミノエチル基を導入して A 環の構築を行うことで、上部アミジンにメチル基をも
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General. Unless otherwise noted, all reactions were performed under an argon atmosphere. Analytical 
thin-layer chromatography was performed with Merck TLC Silica gel 60 F254 or Fuji Silysia Chromatorex 
NH. Preparative thin-layer chromatography was performed with Merck PLC Silica gel 60 F254 or Fuji 
Silysia Chromatorex NH. Silica gel column chromatography was performed with Kanto Silica gel 60 N 
(spherical, neutral, 40-100 μm), Fuji Silysia Chromatorex BW-300, or Fuji Silysia Chromatorex NH silica 
gel. Proton nuclear magnetic resonance (
1
H NMR) spectra were recorded on a JEOL JNM-ECA500 KP at 
500 MHz. Chemical shifts are reported relative to Me4Si (δ 0.00, in the case of CDCl3), DMSO-d6 (δ 2.53) 
or CF3CO2D (δ 11.50). Carbon nuclear magnetic resonance (
13
C NMR) spectra were recorded on a JEOL 
JNM-ECA500 KP at 125 MHz. Chemical shifts are reported relative to CDCl3 (δ 77.0), DMSO-d6 (δ 39.5) 
or CF3CO2D (δ 164.2). Multiplicity is indicated by one or more of the following: s (singlet); d (doublet); t 
(triplet); q (quartet); m (multiplet); br (broad). Infrared spectra were recorded on FT/IR-4100 (JASCO). 
Low resolution mass spectra (LRMS) and high resolution mass spectra (HRMS) were recorded on JEOL 
JMS-700 (FAB+). X-ray crystallographic data were recorded on RIGAKU R-AXIS RAPID. 
 
General procedure for synthesis of carbodiimides from corresponding ureas. To a solutions of urea 
(170 μmol), PPh3 (66.8 mg, 255 μmol), and Et3N (52.0 L, 374 μmol) in 2 mL of CH2Cl2, was added CBr4 
(67.7 mg, 204 μmol) at 0 C. These reaction mixtures were stirred for 2 hours and warmed to ambient 
temperature. Then additional PPh3 (134 mg, 510 μmol) was added. After 3-15 hours, the reaction mixtures 
were directly evaporated. These resultant residues were purified by silica gel column chromatography 
(
n
hexane/AcOEt = 8/2 to 7/3) to give carbodiimides. 
 
General procedure for SmI2-mediated reductive cyclization (condition A). To solutions of SmI2 (0.1 M 
prepared from 1,2-diiodoethane and metal Sm in THF, 2.4 mL, 240 μmol) at ambient temperature, were 
added solutions of carbodiimide (100 μmol) and 
t
BuOH (21.0 μL, 220 μmol) in 2 mL of THF in a dropwise 
manner. After 15 minutes, saturated aqueous NH4Cl solutions were added to these reaction mixtures and the 
organic solvents were removed by evaporation. These aqueous solutions were extracted with AcOEt. The 
organic layers were extracted with 1 M aqueous HCl solutions and the resultant aqueous layers were 
neutralized with solid NaHCO3. These aqueous layers were extracted with AcOEt and the organic layers 
were dried over Na2SO4. These crude solutions were concentrated under reduced pressure and dried in 
vacuo. To solutions of Boc2O (32.7 mg, 150 μmol) in 1 mL of CH2Cl2, were added solutions of the crude 
material in 2 mL of CH2Cl2 at ambient temperature. Then DMAP (12.2 mg, 100 μmol) were added and 
reaction mixtures were stirred for 10-20 hours. The mixtures were evaporated and directly subjected to 
silica gel column chromatography (
n
hexane/AcOEt = 9/1 to 7/3) to give N-Boc protected iminoindolines. 
 
General procedure for SmI2-mediated reductive cyclization (condition B). Solutions of carbodiimide 
 40 
(100 μmol) and 
t
BuOH (95.6 L, 1.00 mmol) in 2 mL of THF were degassed by freeze pump thaw cycles 
chilled with liquid nitrogen. To these solutions at ambient temperature, were added solutions of SmI2 (0.1 
M in THF, 2.1 mL, 210 μmol) in a dropwise manner. After 15 minutes, saturated aqueous NH4Cl solutions 
were added to the reaction mixtures and the organic solvents were removed by evaporation. The resultant 
mixtures were extracted with AcOEt and the organic layers were washed with saturated aqueous NH4Cl 
solutions and dried over Na2SO4. The crude solutions were concentrated under reduced pressure and dried 
in vacuo. To solutions of Boc2O (32.7 mg, 0.150 mmol) in 1 mL of CH2Cl2, were added the solutions of 
these crude materials in 2 mL of CH2Cl2 at ambient temperature. Then DMAP (12.2 mg, 100 μmol) was 
added and the reaction mixtures were stirred for 5-20 hours. The mixtures were evaporated and directly 
subjected to silica gel column chromatography (
n
hexane/AcOEt = 8/2 to 6/4) to give N-Boc protected 
iminoindolines. 
 
Ethyl 3-(Benzyl(3-ethoxy-3-oxopropyl)amino)-3-oxopropanoate (67) To a solution of 
ethyl 3-(N-benzylamino)propionate (414 mg, 2.00 mmol) and 
i
Pr2NEt (342 μL, 2.00 
mmol) in 4 mL of CH2Cl2 at 0 C, was added ethyl malonyl chloride (303 μL, 2.40 
mmol). The reaction mixture was warmed to ambient temperature and stirred for 10 
minutes. H2O was added at 0 C and the separated aqueous layer was extracted with CHCl3. The combined 
organic layers were washed with a saturated aqueous NaHCO3 solution and with brine. The crude material 
was dried over Na2SO4, concentrated under reduced pressure and purified by silica gel column 
chromatography (AcOEt) to give titled compound (598 mg, 93%) as a viscous colorless oil; 
1
H NMR 
(CDCl3, ) 7.32-7.27 (m, 5H), 4.65 (s, 2H), 4.61
*
 (s, 2H), 4.25-4.08 (m, 4H), 3.65 (t, 2H, J = 6.9 Hz), 3.56
*
 
(t, 2H, J = 6.9 Hz), 3.44 (s, 2H), 2.65, (t, 2H, J = 6.9 Hz), 2.54
*
 (t, 2H, J = 6.9 Hz), 1.31-1.22 (m, 6H); 
13
C 























, 14.1, 14.0; IR 
(ATR) 1736, 1654 cm
-1
; Anal. Calcd for C17H23NO5: C, 63.54; H, 7.21; N, 4.36. Found: C, 63.68; H, 7.29; 
N, 4.39. HRMS (MH
+
) calcd for C17H24NO5: 322.1654. Found: 322.1654 (
*
peaks of minor conformer). 
 
Ethyl 1-Benzyl-4-hydroxy-2-oxo-1,2,5,6-tetrahydropyridine-3-carboxylate (68) To 
80 mL of EtOH, was added NaH (60%wt, 708 mg, 17.7 mmol) at 0 C. Ethyl ester 67 
(5.18 g, 16.1 mmol) in 20 mL of EtOH was added dropwise over 10 minutes at the same 
temperature. The reaction mixture was warmed to ambient temperature and stirred for 12 
hours. A 2.0 M aqueous HCl solution was added and the resultant solution was evaporated. The residue was 
dissolved in H2O and extracted with CHCl3 three times (pH of the aqueous layer < 2). The combined 
organic layers were dried over Na2SO4 and concentrated under reduced pressure. The crude material was 
purified by silica gel column chromatography (
n
hexane/AcOEt = 6/4 to 4/6) to give the titled compound 
(4.03 g, 91%) as a viscous colorless oil; 
1
H NMR (CDCl3, ) 7.34-7.27 (m, 5H), 4.64 (s, 2H), 4.41 (q, 2H, J 
= 7.2 Hz), 3.32 (t, 2H, J = 6.9 Hz), 2.54 (t, 2H, J = 6.9 Hz), 1.42 (t, 2H, J = 7.2 Hz); 
13
C NMR (CDCl3, ) 






) calcd for C15H18NO4: 276.1236. Found: 276.1244. 
 
1-Benzylpiperidine-2,4-dione (70) A solution of ethyl carboxylate 69 (3.78 g, 13.7 mmol) 
and 0.1 mL of H2O in 100mL of MeCN was heated to reflux for 3.5 hours. The reaction 
mixture was evaporated and purified by silica gel column chromatography (CHCl3/MeOH 




H NMR (CDCl3, ) 7.34-7.26 (m, 5H), 4.69 (s, 2H), 3.49 (t, 2H, J = 6.0 Hz), 3.43 (s, 2H), 2.54 (t, 2H, J  = 
6.0 Hz); 
13





) m/z = 204 (MH
+
); Anal. Calcd for C12H13NO2: C, 70.92; H, 6.45; N, 6.89. 
Found: C, 70.78; H, 6.48; N, 6.85. 
 
1-Benzyl-6-oxo-1,2,3,6-tetrahydropyridin-4-yl Trifluoromethanesulfonate (71) To a 
solution of lactam 70 (6.09 g, 30.0 mmol) and Et3N (8.35 mL, 60.0 mmol) in 100 mL of 
CH2Cl2 at 0 C, was added Tf2NPh (12.9 g, 36.0 mmol). After an hour, the reaction 
mixture was warmed to ambient temperature and stirred for 2 hours. A 0.1 M aqueous HCl 
solution was added to the mixture at 0 C and the separated aqueous layer was extracted with CHCl3. The 
combined organic layers were washed with 0.1 M aqueous HCl solution, with brine, with a saturated 
aqueous NaHCO3 solution and with brine. The resultant solution was dried over Na2SO4 and concentrated 
under reduced pressure. This crude material was purified by silica gel column chromatography 
(
n
hexane/AcOEt = 9/1 to 8/2) to give the titled compound (9.81 g, 97%) as a colorless oil; 
1
H NMR (CDCl3, 
) 7.35-7.28 (m, 5H), 6.06 (s, 1H), 4.62 (s, 2H), 3.44 (t, 2H, J = 7.2 Hz), 2.69 (t, 2H, J = 7.2 Hz); 
13
C NMR 
(CDCl3, ) 162.7, 157.5, 136.3, 128.7, 127.9, 127.9, 127.7, 118.3 (q, J = 320.7 Hz), 114.2, 49.3, 43.3, 27.1; 




) m/z = 336 (MH
+
); Anal. Calcd for C13H12F3NO4S: C, 46.57; 
H, 3.61; N, 4.18. Found: C, 46.52; H, 3.61; N, 4.28. 
 
4-(2-Aminophenyl)-1-benzyl-5,6-dihydropyridin-2(1H)-one (73) A solution of 
boronic acid pinacol ester 72 (876 mg, 4.00 mmol), alkenyl triflate 71 (1.65 g, 4.84 
mmol) and PdCl2(PPh3)2 (140 mg, 200 mol) in 50 mL of THF and 32 mL of a 2.0 M 
aqueous Na2CO3 solution was heated to reflux for 12 hours. After the reaction mixture 
was cooled to ambient temperature, the aqueous layer was extracted with AcOEt. The 
combined organic layers were washed with brine, dried over MgSO4 and concentrated under reduced 
pressure. The crude material was purified by silica gel column chromatography (
n
hexane/AcOEt = 5/5 to 




H NMR (CDCl3, ) 
7.37-7.27 (m, 5H), 7.13 (dd, 1H, J = 7.5, 7.5 Hz), 7.05 (d, 1H, J = 7.5 Hz), 6.77 (dd, 1H, J = 7.5, 7.5 Hz), 
6,72 (d, 1H, J = 7.5 Hz), 6.23 (s, 1H), 4.69 (s, 2H), 3.93 (br, 2H), 3.45 (t, 2H, J = 6.7 Hz), 2.67 (t, 2H, J = 
6.7 Hz); 
13
C NMR (CDCl3, ) 165.0, 150.0, 143.1, 137.4, 129.6, 128.7, 128.1, 128.0, 127.5, 124.5, 122.6, 




) calcd for C18H19N2O: 
279.1497. Found: 279.1499. 
 42 
4-(2-Amino-5-methylphenyl)-1-benzyl-5,6-dihydropyridin-2(1H)-one (73b) To a 
solution of N-Boc aniline 99b (228 mg, 582 mol) in 4.5 mL of CH2Cl2 at 0 C, was 
added 0.5 mL of TFA. The reaction mixture was warmed to ambient temperature and 
stirred for 16 hours. To the mixture was added a saturated aqueous NaHCO3 solution 
and the aqueous layer was extracted with CHCl3. The combined organic layers were 
dried over Na2SO4 and concentrated under reduced pressure. The crude material was purified by silica gel 
column chromatography (
n
hexane/AcOEt = 6/4 to 5/5) to give the titled compound (141 mg, 83%) as a 




H NMR (CDCl3, ) 7.35-7.24 (m, 5H), 6.91 (dd, 1H, J = 8.2, 1.9 Hz), 6.84 
(s, 1H), 6.61 (d, 1H, J = 8.2 Hz), 6.19 (s, 1H), 4.66 (s, 2H), 3.79 (br s, 2H), 3.42 (t, 2H, J = 7.0 Hz), 2.64 (t, 
2H, J = 7.0 Hz), 2.21 (s, 3H); 
13
C NMR (CDCl3, ) 164.9, 150.2, 140.8, 137.2, 130.1, 128.5, 128.2, 127.9, 




) calcd for C19H21N2O: 
293.1654. Found: 293.1652. 
 
4-(2-Amino-5-methoxyphenyl)-1-benzyl-5,6-dihydropyridin-2(1H)-one (73c) 
To a solution of N-Boc aniline 99c (286 mg, 700 mol) in 3.8 mL of CH2Cl2 at 0 
C, was added 0.6 mL of TFA. The reaction mixture was warmed to ambient 
temperature and stirred for an hour. To the mixture was added a saturated aqueous 
NaHCO3 solution and the aqueous layer was extracted with CHCl3. The combined 
organic layers were dried over Na2SO4 and concentrated under reduced pressure. The crude material was 
purified by silica gel column chromatography (
n
hexane/AcOEt = 6/4 to 5/5) to give the titled compound 




H NMR (CDCl3, ) 7.33-7.24 (m, 5H), 6.70 (dd, 1H, J = 
8.7, 1.9 Hz), 6.63 (d, 1H, J = 8.7 Hz), 6.60 (d, 1H, J = 1.9 Hz), 6.19 (s, 1H), 4.64 (s, 2H), 3.68 (d, 3H, J = 
0.9 Hz), 3.58 (br, 2H), 3.40 (t, 2H, J = 7.0 Hz), 2.63 (t, 2H, J = 7.0 Hz); 
13
C NMR (CDCl3, ) 164.6, 152.0, 
150.0, 137.01, 136.98, 128.3, 127.7, 127.1, 125.1, 122.3, 117.4, 115.4, 112.8, 55.4, 49.3, 44.5, 28.1; IR 




) calcd for C19H20N2O2: 308.1525. Found: 308.1522. 
 
4-(2-Amino-5-chlorophenyl)-1-benzyl-5,6-dihydropyridin-2(1H)-one (73d) To a 
solution of N-Boc aniline 99d (278 mg, 673 mol) in 2.7 mL of CH2Cl2 at 0 C, was 
added 0.3 mL of TFA. The reaction mixture was warmed to ambient temperature and 
stirred for 17 hours. To the mixture was added a saturated aqueous NaHCO3 solution 
and the aqueous layer was extracted with CHCl3. The combined organic layers were 
dried over Na2SO4 and concentrated under reduced pressure. The crude material was purified by silica gel 
column chromatography (
n
hexane/AcOEt = 6/4 to 4/6) to give the titled compound (184 mg, 87%) as a 
yellow oil; 
1
H NMR (CDCl3, ) 7.37-7.28 (m, 5H), 7.07 (dd, 1H, J = 8.6, 2.6 Hz), 7.02 (d, 1H, J = 2.6 Hz), 
6.65 (d, 1H, J = 8.6 Hz), 6.22 (t, 1H, J = 1.4 Hz), 4.68 (s, 2H), 3.90 (br, 2H), 3.45 (t, 2H, J = 7.0 Hz), 2.63 
(t, 2H, J = 7.0 Hz); 
13
C NMR (CDCl3, ) 164.6, 148.6, 141.8, 137.2, 129.3, 128.7, 128.1, 127.6, 127.5, 




) calcd for 
C18H18
35
ClN2O: 312.1108. Found: 312.1109. 
 43 
4-(2-Amino-6-methoxyphenyl)-1-benzyl-5,6-dihydropyridin-2(1H)-one (73e) To a 
solution of N-Boc aniline 99e (143 mg, 350 mol) in 3 mL of CH2Cl2 at 0 C, was 
added 0.3 mL of TFA. The reaction mixture was warmed to ambient temperature and 
stirred for 13 hour. To the mixture was added a saturated aqueous NaHCO3 solution and 
the aqueous layer was extracted with CHCl3. The combined organic layers were dried 
over Na2SO4 and concentrated under reduced pressure. The crude material was purified by silica gel 
column chromatography (
n
hexane/AcOEt = 6/4 to 4/6) to give the titled compound (92.3 mg, 85%) as a 
yellow oil; 
1
H NMR (CDCl3, ) 7.35-7.28 (m, 5H), 7.05 (dd, 1H, J = 8.0, 8.0 Hz), 6.36 (d, 1H, J = 8.0 Hz), 
6.30 (d, 1H, J = 8.0 Hz), 6.05 (s, 1H), 4.69 (s, 2H), 3.88 (br s, 2H), 3.74 (s, 3H), 3.44 (t, 2H, J = 6.9 Hz), 
2.56 (br s, 2H); 
13
C NMR (CDCl3, ) 164.8, 157.3, 148.7, 143.9, 137.4, 129.5, 128.6, 128.2, 127.4, 124.2, 




) calcd for C19H20N2O2: 
308.1525. Found: 308.1522. 
 
(E)-Ethyl 3-(2-Aminophenyl)but-2-enoate (73k) A solution of alkenyl triflate (E/Z > 
95/5, 157 mg, 599 mol), boronic acid pinacol ester 72 (171 mg, 779 mol), and 
PdCl2(PPh3)2 (20.1 mg, 28.6 mol) in 5 mL of THF and 5mL of a 1.9 M aqueous Na2CO3 
solution was heated to reflux for 2 hours. The reaction mixture was cooled to ambient 
temperature. The aqueous layer was extracted with AcOEt twice. The combined organic layers were 
washed with brine, dried over Na2SO4 and concentrated under reduced pressure. The crude material was 
purified by silica gel column chromatography (
n
hexane/AcOEt = 9/1 to 8/2) to give the titled compound (E 
only, 91.5 mg, 74%) as a colorless oil; 
1
H NMR (CDCl3, ) 7.11 (ddd, 1H, J = 7.5, 7.5, 1.4 Hz), 7.01 (dd, 
1H, J = 7.5, 1.4 Hz), 6.75 (ddd, 1H, J = 7.5, 7.5, 1.4 Hz), 6.70 (d, 1H, J = 7.5 Hz), 5.97 (t, 1H, J = 1.4 Hz), 
4.21 (q, 2H, J = 7.2 Hz), 3.76 (br, 2H), 2.49 (s, 3H), 1.31 (t, 3H, J = 7.2 Hz); 
13
C NMR (CDCl3, ) 166.5, 





) calcd for C12H15NO2: 205.1103. Found: 205.1102. 
 
4-(2-Aminophenyl)furan-2(5H)-one (73l) A solution of boronic acid pinacol ester 72 (439 
mg, 2.00 mmol), alkenyl triflate (554 mg, 2.40 mmol), and PdCl2(PPh3)2 (70.2 mg, 100 
mol) in 10 mL of THF and 10 mL of a 2.0 M aqueous Na2CO3 solution was heated to 80 
C for 22 hours. The reaction mixture was cooled to ambient temperature. The aqueous 
layer was extracted with AcOEt twice. The combined organic layers were washed with 
brine, dried over Na2SO4 and concentrated under reduced pressure. The crude material was purified by 
silica gel column chromatography (
n
hexane/AcOEt = 8/2 to 6/4) to give the titled compound (115 mg, 33%) 




H NMR (CDCl3, ) 7.28-7.26 (m, 1H), 7.12 (d, 1H, J = 7.2 Hz), 
6.85-6.82 (m, 2H), 6.39 (t, 1H, J = 1.6 Hz), 5.21 (d, 2H, J = 1.6 Hz), 4.13 (br, 2H); 
13
C NMR (CDCl3, ) 




) m/z = 
176 (MH
+
); Anal. Calcd for C10H9NO2: C, 68.58; H, 5.18; N, 8.00. Found: C, 68.34; H, 5.09; N, 8.00. 
 
 44 
1-(2-(1-Benzyl-6-oxo-1,2,3,6-tetrahydropyridin-4-yl)phenyl)-3-phenylurea (74). To 
a solution of aniline 73 (278 mg, 1.00 mmol) in 3 mL of CH2Cl2, was added PhNCO 
(110 L, 1.05 mmol) at ambient temperature. After 7.5 hours additional PhNCO (20.0 
L, 150 mol) was added. After 3 hours the reaction mixture was directly subjected to 
silica gel column chromatography (
n
hexane/AcOEt = 8/2 to 6/4) to give the titled 




H NMR (CDCl3, ) 8.41 (s, 1H), 8.26 (s, 
1H), 8.00 (d, 1H, J = 8.6 Hz), 7.34-7.31 (m, 8H), 7.18 (dd, 2H, J = 7.7, 7.7 Hz), 7.07-7.01 (m, 2H), 6.96 
(dd, 1H, J = 7.4, 7.4 Hz), 5.88 (s, 1H), 4.61 (s, 2H), 3.52 (t, 2H, J = 6.9 Hz), 2.75 (t, 2H, J = 6.9 Hz); 
13
C 
NMR (CDCl3, ) 165.4, 153.8, 153.1, 139.4, 136.0, 135.4, 130.8, 129.7, 129.0, 128.9, 127.9, 127.7, 127.6, 




) m/z = 398 
(MH
+
); Anal. Calcd for C25H23N3O2: C, 75.54; H, 5.83; N, 10.57. Found: C, 75.54; H, 5.87; N, 10.52. 
 
1-(2-(1-Benzyl-6-oxo-1,2,3,6-tetrahydropyridin-4-yl)-4-methylphenyl)-3-phenylu
rea (74b) To a solution of aniline 73b (129 mg, 442 mol) in 2.5 mL of CH2Cl2, were 
added PhNCO (52.6 L, 486 mol) and DMAP (2.3 mg, 18.9 mol) at ambient 
temperature. The mixture was heated to reflux for 17 hours. Then the reaction 
mixture was directly subjected to silica gel column chromatography (
n
hexane/AcOEt 





(CDCl3, ) 8.20 (s, 1H), 8.03 (s, 1H), 7.83 (d, 1H, J = 8.0 Hz), 7.38-7.28 (m, 7H), 7.19 (dd, 2H, J = 8.0, 8.0 
Hz), 7.14 (dd, 1H, J = 8.0, 1.7 Hz), 6.96 (dd, 1H, J = 7.4, 7.4 Hz), 6.90 (d, 1H, J = 1.7 Hz), 5.88 (s, 1H), 
4.61 (s, 2H), 3.49 (t, 2H, J = 6.9 Hz), 2.72 (t, 2H, J = 6.9 Hz), 2.28 (s, 3H); 
13
C NMR (CDCl3, ) 165.3, 
153.8, 153.3, 139.4, 136.1, 133.1, 132.6, 131.1, 130.1, 128.9, 128.8, 128.2, 127.8, 127.6, 123.5, 122.2, 




) calcd for C26H26N3O2: 
412.2025. Found: 412.2028. 
 
1-(2-(1-Benzyl-6-oxo-1,2,3,6-tetrahydropyridin-4-yl)-4-methoxyphenyl)-3-phe
nylurea (74c) To a solution of aniline 73c (159 mg, 516 mol) in 2.5 mL of 
CH2Cl2, were added PhNCO (61.4 L, 568 mol) and DMAP (2.6 mg, 21.3 
mol) at ambient temperature. The mixture was heated to reflux for 14 hours. The 
reaction mixture was directly subjected to silica gel column chromatography 
(
n




H NMR (CDCl3, ) 8.29 (s, 1H), 8.11 (s, 1H), 7.61 (d, 1H, J = 8.9 Hz), 7.29-7.25 (m, 7H), 7.13-7.12 (m, 
2H), 6.93-6.91 (m, 1H), 6.81-6.79 (m, 1H), 6.62 (d, 1H, J = 2.6 Hz), 5.84 (s, 1H), 4.56 (s, 2H), 3.72 (s, 3H), 
3.44 (t, 2H, J = 6.9 Hz), 2.68 (t, 2H, J = 6.9 Hz); 
13
C NMR (CDCl3, ) 165.1, 156.1, 153.7, 153.1, 139.3, 
136.1, 133.6, 128.8, 138.7, 127.8, 127.7, 127.5, 126.3, 122.3, 122.2, 118.5, 114.7, 112.9, 55.4, 50.0, 45.6, 









rea (74d) To a solution of aniline 73d (145 mg, 463 mol) in 2.5 mL of CH2Cl2, 
were added PhNCO (55.1 L, 509 mol) and DMAP (2.6 mg, 21.3 mol) at 
ambient temperature. The mixture was heated to reflux for 23 hours. The reaction 
mixture was directly subjected to silica gel column chromatography (
n
hexane/AcOEt 





(CDCl3, ) 8.41 (s, 1H), 8.35 (s, 1H), 7.96 (d, 1H, J = 8.9 Hz), 7.36-7.23 (m, 8H), 7.17 (dd, 2H, J = 7.9, 7.9 
Hz), 7.06 (d, 1H, J = 2.6 Hz), 6.96 (dd, 1H, J = 7.4, 7.4 Hz), 5.86 (s, 1H), 4.59 (s, 2H), 3.51 (t, 2H, J = 6.9 
Hz), 2.71 (t, 2H, J = 6.9 Hz); 
13
C NMR (CDCl3, ) 165.0, 152.8, 152.2, 139.0, 135.7, 134.1, 131.8, 129.4, 





) calcd for C25H23
35
ClN3O2: 432.1479. Found: 432.1481. 
 
1-(2-(1-Benzyl-6-oxo-1,2,3,6-tetrahydropyridin-4-yl)-3-methoxyphenyl)-3-phenylur
ea (74 e) To a solution of aniline 73e (112 mg, 360 mol) in 3 mL of CH2Cl2, were 
added PhNCO (42.8 L, 396 mol) and DMAP (6.7 mg, 54.8 mol) at ambient 
temperature. The mixture was stirred for 18 hours. Et2O was added to the mixture and 




H NMR (CDCl3, ) 8.35 (s, 1H), 7.80-7.78 (m, 2H), 7.37-7.24 (m, 9H), 7.21 (dd, 2H, J = 8.0, 8.0 Hz), 
6.98 (dd, 1H, J = 7.4, 7.4 Hz), 6.60 (d, 1H, J = 8.0 Hz), 5.93 (s, 1H), 5.09 (brs, 1H), 4.29 (brs, 1H), 3.73 (s, 
3H), 3.53 (t, 2H, J = 7.0 Hz), 2.60 (brs, 2H); 
13
C NMR (CDCl3, ) 165.5, 155.9, 153.2, 149.3, 139.4, 136.4, 





) calcd for C26H26N3O3: 428.1974. Found: 428.1968. 
 
1-(2-(1-Benzyl-6-oxo-1,2,3,6-tetrahydropyridin-4-yl)phenyl)-3-(2-methoxypheny
l)urea (74f) A solution of aniline 73 (139 mg, 500 mol), 2-methoxyphenyl 
isocyanate (73.1 L, 550 mol) and DMAP (6.1 mg, 50.0 mol) in 3 mL of CH2Cl2 
was heated at 60 C for 23 hours in a sealed tube. The reaction mixture was directly 
evaporated and subjected to silica gel column chromatography (CHCl3/AcOEt = 1/0 




H NMR (CDCl3, 
) 8.61 (s, 1H), 8.23-8.22 (m, 2H), 7.86 (d, 1H, J = 8.3 Hz), 7.30-7.26 (m, 6H), 7.09-7.03 (m, 2H), 
6.94-6.93 (m, 2H), 6.79 (dd, 1H, J = 7.4, 2.0 Hz), 5.88 (s, 1H), 4.55 (s, 2H), 3.61 (s, 3H), 3.39 (t, 2H, J = 
6.9 Hz), 2.70 (t, 2H, J = 6.9 Hz); 
13
C NMR (CDCl3, ) 165.1, 153.4, 152.7, 148.3, 136.5, 135.4, 131.9, 
129.5, 128.7, 128.7, 128.0, 127.7, 124.5, 123.8, 122.7, 122.3, 121, 119.8, 110, 55.5, 49.6, 45.2; IR (ATR) 











rea (74g) A solution of aniline 73 (132 mg, 475 mol), 2-chlorophenyl isocyanate 
(69.0 L, 570 mol) and DMAP (1.6 mg, 13.1 mol) in 3 mL of CH2Cl2 was heated 
to 40 C for 6 hours in a sealed tube. The reaction mixture was directly subjected to 
silica gel column chromatography (
n
hexane/AcOEt = 8/2 to 6/4) to give the titled 




H NMR (DMSO-d6, 8.74 (s, 1H), 8.53 
(s, 1H), 8.09 (d, 1H, J = 8.3 Hz), 7.61 (d, 1H, J = 8.0 Hz), 7.44 (d, 1H, J = 8.0 Hz), 7.32-7.28 (m, 8H), 7.15 
(dd, 1H, J = 7.7, 7.7 Hz), 7.02 (dd, 1H, J = 7.7, 7.7 Hz), 5.92 (s, 1H), 4.59 (s, 2H), 3.47 (t, 2H, J = 6.9 Hz), 
2.64 (t, 2H, J = 6.9 Hz); 
13
C NMR (DMSO-d6, 163.7, 152.5, 150.7, 137.7, 136.0, 134.9, 133.0, 129.2, 
128.8, 128.4, 128.3, 127.7, 127.5, 127.1, 124.7, 124.2, 123.4, 122.6, 122.2, 121.8, 48.8, 44.9, 28.1; IR 




) calcd for C25H23
35
ClN3O2: 432.1479. Found: 432.1482. 
 
1-(2-(1-Benzyl-6-oxo-1,2,3,6-tetrahydropyridin-4-yl)phenyl)-3-(m-tolyl)urea ( 
74h) A solution of aniline 73 (139 mg, 500 mol), m-tolyl isocyanate (70.8 L, 
550 mol) and DMAP (6.1 mg, 50.0 mol) in 3 mL of CH2Cl2 was stirred for 23 
hours at ambient temperature. The reaction mixture was directly evaporated and 
the residue was washed with Et2O to give the titled compound (169 mg, 82%) as a 




H NMR (DMSO-d6, 8.88 (s, 1H), 7.96 (s, 1H), 7.71 (d, 1H, J = 8.0 Hz), 
7.34-7.09 (m, 11H), 6.77 (d, 1H, J = 7.4 Hz), 5.90 (s, 1H), 4.58 (s, 2H), 3.47 (t, 2H, J = 6.9 Hz), 2.63 (t, 2H, 
J = 6.9 Hz), 2.25 (s, 3H); 
13
C NMR (DMSO-d6, 152.5, 150.4, 139.6, 137.9, 137.7, 135.3, 131.9, 128.7, 
128.6, 128.5, 128.1, 127.8, 127.1, 123.5, 123.4, 122.7, 122.6, 118.6, 115.3, 48.8, 44.8, 28.2, 21.2; IR (ATR) 




) calcd for C26H26N3O2: 412.2025. Found: 412.2034. 
 
1-(2-(1-Benzyl-6-oxo-1,2,3,6-tetrahydropyridin-4-yl)phenyl)-3-(4-methoxyp
henyl)urea (74i) A solution of aniline 73 (139 mg, 500 mol), 
4-methoxyphenyl isocyanate (71.2 L, 550 mol) and DMAP (6.1 mg, 50.0 
mol) in 3 mL of CH2Cl2 was stirred for 25 hours at ambient temperature. The 
reaction mixture was directly evaporated and the residue was washed with Et2O 




H NMR (DMSO-d6, 
8.77 (brs, 1H), 7.89 (brs, 1H), 7.71 (d, 1H, J = 8.3 Hz), 7.33-7.23 (m, 9H), 7.10-7.09 (m, 1H), 6.84 (d, 
2H, J = 8.9 Hz), 5.89 (s, 1H), 4.58 (s, 2H), 3.70 (s, 3H), 3.47 (t, 2H, J = 6.9 Hz), 2.63 (t, 2H, J = 6.9 Hz); 
13
C NMR (DMSO-d6, 163.7, 154.4, 152.7, 137.7, 135.5, 132.7, 131.8, 128.7, 128.5, 128.1, 127.8, 127.1, 












)urea (74j) A solution of aniline 73 (139 mg, 500 mol), 4-fluorophenyl 
isocyanate (61.8 L, 550 mol) and DMAP (6.1 mg, 50.0 mol) in 3 mL of 
CH2Cl2 was stirred for 5 hours at ambient temperature. The reaction mixture was 
directly evaporated and the residue was washed with Et2O to give the titled 




H NMR (CDCl3, ) 8.98 (s, 1H), 7.98 (s, 
1H), 7.69 (d, 1H, J = 8.0 Hz), 7.45-7.42 (m, 2H), 7.34-7.24 (m, 7H), 7.11-7.09 (m, 3H), 5.90 (s, 1H), 4.58 
(s, 2H), 3.47 (t, 2H, J = 6.9 Hz), 2.64 (t, 2H, J = 6.9 Hz); 
13
C NMR (CDCl3, ) 163.7, 157.3 (d, J= 236.1 
Hz), 152.7, 150.4, 137.7, 136, 136, 135.2, 132.1, 128.7, 128.5, 128.1, 127.7, 127.1, 123.6, 123.5, 122.6, 





calcd for C25H23N3O2: 416.1774. Found: 416.1777. 
 
Ethyl (E)-3-(2-(3-Phenylureido)phenyl)but-2-enoate (74k) To a solution of aniline 
73k (85.8 mg, 41.9 mol) in 2 mL of CH2Cl2, was added PhNCO (47.6 L, 44.0 mol). 
The reaction mixture was stirred at ambient temperature for 3 hours. The mixture was 
directly subjected to silica gel column chromatography (CHCl3/MeOH = 95/5 to 9/1) to 




H NMR (DMSO-d6, 9.02 
(s, 1H), 7.86-7.85 (m, 2H), 7.43 (d, 2H, J = 7.7 Hz), 7.31-7.25 (m, 3H), 7.15 (d, 1H, J = 7.4 Hz), 7.06 (dd, 
1H, J = 7.4, 7.4 Hz), 6.95 (dd, 1H, J = 7.4, 7.4 Hz), 5.82 (s, 1H), 4.14 (q, 2H, J = 7.0 Hz), 2.41 (s, 3H), 1.22 
(t, 3H, J = 7.0 Hz); 
13
C NMR (DMSO-d6, 165.5, 155.3, 152.5, 139.7, 135.0, 134.8, 128.8, 128.4, 127.8, 





for C19H21N2O3: 325.1552. Found: 325.1556. 
 
1-(2-(5-Oxo-2,5-dihydrofuran-3-yl)phenyl)-3-phenylurea (74l) A solution of aniline 
73l (86.4 mg, 494 mol), PhNCO (58.8 L, 543 mol), and DMAP (1.1 mg, 9.00 mol) 
in 2 mL of CH2Cl2 was heated to 40 C for 16 hours in a sealed tube. After cooled to 
ambient temperature, the precipitation was collected by filtration and wash with CH2Cl2 




H NMR (DMSO-d6, 
9.05 (s, 1H), 8.18 (s, 1H), 7.79 (dd, 1H, J = 8.0, 1.0 Hz), 7.53-7.45 (m, 4H), 7.28 (ddd, 2H, J = 7.2, 7.2, 
1.4 Hz), 7.22 (ddd, 1H, J = 7.6, 7.6, 1.0 Hz), 6.98 (dd, 1H, J = 7.4, 7.4 Hz), 6.53 (t, 1H, J = 1.7 Hz), 5.34 (d, 
2H, J = 1.7 Hz); 
13
C NMR (DMSO-d6, 173.7, 163.0, 152.7, 139.6, 137.0, 131.0, 128.8, 128.4, 124.8, 




) calcd for C17H15N2O3: 
295.1083. Found: 295.1081. 
 
1-Benzyl-4-(2-(((phenylimino)methylene)amino)phenyl)-5,6-dihydropyridin-2(1H)-o
ne (75a) To a solution of urea 74 (55.0 mg, 138 mol), PPh3 (55.0 mg, 210 mol), and 
Et3N (55.0 L, 395 mol) in 2 mL of CH2Cl2 at 0 C, was added CBr4 (55.0 mg, 166 
mol). After an hour the reaction mixture was warmed to ambient temperature. After an 
 48 
additional hour, the mixture was directly evaporated and the resultant residue was purified by silica gel 
column chromatography (
n
hexane/AcOEt = 8/2 to 7/3) to give the titled compound (49.3 mg, 94%) as a 
viscous colorless oil; 
1
H NMR (CDCl3, ) 7.36-7.13 (m, 14H), 6.17 (s, 1H), 4.68 (s, 2H), 3.46 (t, 2H, J = 
6.9 Hz), 2.80 (t, 2H, J = 6.9 Hz); 
13
C NMR (CDCl3, ) 164.8, 150.2, 137.8, 137.4, 135.8, 134.1, 133.9, 





) calcd for C25H22N3O: 380.1763. Found: 380.1762. 
 
1-Benzyl-4-(5-methyl-2-(((phenylimino)methylene)amino)phenyl)-5,6-dihydropyr
idin-2(1H)-one (75b) The general procedure using urea 74b gave the titled compound 
(60.2 mg, 90%) as a yellow viscous oil; 
1
H NMR (CDCl3, ) 7.34-7.30 (m, 7H), 
7.17-7.08 (m, 6H), 6.15 (s, 1H), 4.67 (s, 2H), 3.45 (t, 2H, J = 6.9 Hz), 2.79 (t, 2H, J = 
6.9 Hz), 2.34 (s, 3H); 
13
C NMR (CDCl3, ) 164.9, 150.4, 137.4, 135.7, 133.9, 132.9, 





) calcd for C26H24N3O: 394.1919. Found: 394.1920. 
 
1-Benzyl-4-(5-methoxy-2-(((phenylimino)methylene)amino)phenyl)-5,6-dihydr
opyridin-2(1H)-one (75c) The general procedure using urea 74c gave the titled 
compound (62.8 mg, 90%) as a yellow viscous oil; 
1
H NMR (CDCl3, ) 7.36-7.28 
(m, 7H), 7.19-7.11 (m, 4H), 6.86 (dd, 1H, J = 8.7, 3.0 Hz), 6.78 (d, 1H, J = 3.0 Hz), 
6.17 (s, 1H), 4.67 (s, 2H), 3.80 (s, 3H), 3.46 (t, 2H, J = 7.0 Hz), 2.80 (t, 2H, J = 7.0 
Hz); 
13
C NMR (CDCl3, ) 164.7, 157.3, 150.3, 138.4, 137.4, 135.1, 134.5, 129.5, 128.6, 128.1, 127.4, 





) calcd for C26H24N3O2: 410.1869. Found: 410.1866. 
 
1-Benzyl-4-(5-chloro-2-(((phenylimino)methylene)amino)phenyl)-5,6-dihydropy
ridin-2(1H)-one (75d) The general procedure using urea 74d gave the titled 
compound (65.9 mg, 94%) as a yellow viscous oil; 
1
H NMR (CDCl3, ) 7.35-7.12 
(m, H), 6.18(s, 1H), 4.66 (s, 2H), 3.45 (t, 2H, J = 7.2 Hz), 2.76 (t, 2H, J = 7.2 Hz); 
13
C NMR (CDCl3, ) 164.4, 148.7, 137.3, 135.4, 134.6, 131.0, 129.6, 128.7, 128.6, 







ClN3O: 414.1373. Found: 414.1367. 
 
1-Benzyl-4-(2-methoxy-6-(((phenylimino)methylene)amino)phenyl)-5,6-dihydropyri
din-2(1H)-one (75e) The general procedure using urea 74e gave the titled compound 
(56.8 mg, 82%) as a yellow viscous oil; 
1
H NMR (CDCl3, ) 7.34-7.21 (m, 8H), 7.17 
(dd, 1H, J = 7.6, 7.6 Hz), 7.12 (dd, 2H, J = 8.3, 1.0 Hz), 6.87 (dd, 1H, J = 8.3, 1.0 Hz), 
6.73 (d, 1H, J = 8.3 Hz), 6.02 (s, 1H), 4.61 (s, 2H), 3.79 (s, 3H), 3.40 (t, 2H, J = 7.0 Hz), 
2.57 (t, 2H, J = 7.0 Hz); 
13
C NMR (CDCl3, ) 164.7, 157.2, 146.2, 138.0, 137.5, 136.5, 129.5, 129.4, 128.6, 
 49 





) calcd for C26H24N3O2: 410.1869. Found: 410.1866. 
 
1-Benzyl-4-(2-((((2-methoxyphenyl)imino)methylene)amino)phenyl)-5,6-dihydr
opyridin-2(1H)-one (75f) The general procedure using urea 74f gave the titled 
compound (56.6 mg, 81%) as a yellow viscous oil; 
1
H NMR (CDCl3, ) 7.38-7.26 
(m, 8H), 7.15 (dd, 2H, J = 7.7, 7.7 Hz,), 7.07 (d, 1H, J = 7.4 Hz), 6.90 (m, 2H), 6.18 
(s, 1H), 4.68 (s, 2H), 3.84 (s, 3H), 3.45 (t, 2H, J = 6.9 Hz), 2.83 (t, 2H, J = 6.9 Hz); 
13
C NMR (CDCl3, ) 165.0, 154.0, 150.7, 137.5, 137.1, 135.8, 133.7, 129.7, 128.7, 





) calcd for C26H24N3O2: 410.1869. Found: 410.1870. 
 
1-Benzyl-4-(2-((((2-chlorophenyl)imino)methylene)amino)phenyl)-5,6-dihydrop
yridin-2(1H)-one (75g) The general procedure using urea 74g gave the titled 
compound (60.6 mg, 86%) as a colorless amorphus. 
1
H NMR (CDCl3, ) 7.41-7.10 
(m, 13H), 6.17 (s, 1H), 4.68 (s, 2H), 3.46 (t, 2H, J = 7.0 Hz), 2.80 (t, 2H, J = 7.0 
Hz); 
13
C NMR (CDCl3, ) 164.8, 150.2, 142.5, 137.5, 135.4, 135.4, 134.2, 130.0, 
129.8, 129.6, 128.9, 128.6, 128.1, 127.7, 127.4, 126.5, 125.9, 125.8, 125.8, 123.7, 




) calcd for C25H21
35




(1H)-one (75h) The general procedure using urea 74h gave the titled compound 
(62.7 mg, 94%) as a yellow viscous oil; 
1
H NMR (CDCl3, ) 7.34-7.25 (m, 8H), 
7.20-7.16 (m, 2H), 6.99 (d, 1H, J = 7.4 Hz), 6.95-6.94 (m, 2H), 6.17 (s, 1H), 4.68 
(s, 2H), 3.46 (t, 2H, J = 6.9 Hz), 2.80 (td, 2H, J = 6.9, 1.1 Hz), 2.33 (s, 3H); 
13
C 
NMR (CDCl3, ) 164.8, 150.3, 139.6, 137.6, 137.5, 136.0, 134.1, 134.0, 129.8, 





) calcd for C26H24N3O: 394.1919. Found: 394.1919.  
 
1-Benzyl-4-(2-((((4-methoxyphenyl)imino)methylene)amino)phenyl)-5,6-di
hydropyridin-2(1H)-one (75i) The general procedure using urea 74i gave the 
titled compound (61.9 mg, 89%) as a yellow viscous oil; 
1
H NMR (CDCl3, ) 
7.34-7.24 (m, 8H), 7.17 (dd, 1H, J = 7.7, 7.7 Hz), 7.06 (dd, 2H, J = 6.9, 1.7 
Hz), 6.84 (m, 2H), 6.17 (s, 1H), 4.68 (s, 2H), 3.80 (s, 3H), 3.45 (t, 2H, J = 6.9 
Hz), 2.80 (t, 2H, J = 6.9 Hz); 
13
C NMR (CDCl3, ) 164.8, 157.6, 150.4, 137.4, 
136.4, 134.3, 134.1, 130.1, 129.7, 128.9, 128.6, 128.1, 127.4, 125.6, 125.5, 125.2, 123.6, 114.8, 55.5, 49.6, 




) calcd for C26H24N3O2: 410.1869. Found: 410.1871. 
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1-Benzyl-4-(2-((((4-fluorophenyl)imino)methylene)amino)phenyl)-5,6-dihydro
pyridin-2(1H)-one (75j) The general procedure using urea 74j gave the titled 
compound (56.3 mg, 83%) as a yellow viscous oil; 
1
H NMR (CDCl3, ) 7.32-7.28 
(m, 8H), 7.20-7.18 (m, 1H), 7.10-7.08 (m, 2H), 7.01 (dd, 2H, J = 8.6, 8.6 Hz), 
6.17 (s, 1H), 4.68 (s, 2H), 3.46 (t, 2H, J = 6.9 Hz), 2.79 (t, 2H, J = 6.9 Hz); 
13
C 
NMR (CDCl3, ) 164.8, 160.5 (d, J = 245.9 Hz), 150.1, 137.4, 135.6, 134.2, 133.9, 
133.8, 133.8, 129.8, 129.0, 128.6, 128.1, 127.4, 125.9, 125.7, 125.53 (d, J = 8.4 Hz), 123.8, 116.40 (d, J = 




) calcd for C25H21FN3O: 398.1669. 
Found: 398.1677. 
 
(E)-Ethyl 3-(2-(((Phenylimino)methylene)amino)phenyl)but-2-enoate (75k) To a 
solution of urea 74k (55.1 mg, 170 mol), PPh3 (66.8 mg, 255 mol), and Et3N (52.0 L, 
374 mol) in 2 mL of CH2Cl2 at 0 C, was added CBr4 (67.7 mg, 204 mol). The 
reaction mixture was stirred for 2 hours. The mixture was directly evaporated and the 
resultant residue was purified by silica gel column chromatography (
n
hexane/Et2O = 10/0 to 9/1) to give the 
titled compound (45.4 mg, 87%) as a colorless oil; 
1
H NMR (CDCl3, ) 7.33-7.27 (m, 3H), 7.23 (d, 1H, J = 
7.4 Hz), 7.18-7.13 (m, 5H), 5.89 (q, 1H, J = 1.6 Hz), 4.15 (q, 2H, J = 7.1 Hz), 2.54 (d, 3H, J = 1.6 Hz), 1.27 
(t, 3H, J = 7.1 Hz); 
13
C NMR (CDCl3, ) 166.3, 155.5, 138.9, 138.2, 135.1, 129.5, 129.0, 128.6, 125.6, 




) calcd for 
C19H19N2O2: 307.1447. Found: 307.1447. 
 
4-(2-(((Phenylimino)methylene)amino)phenyl)furan-2(5H)-one (75l) To a solution of 
urea 74l (52.9 mg, 180 mol), PPh3 (70.7 mg, 270 mol), and Et3N (55.1 L, 396 mol) 
in 1 mL of CH2Cl2 at 0 C, was added CBr4 (71.7 mg, 216 mol). The reaction mixture 
was stirred for an hour. The mixture was directly evaporated and the resultant residue 
was purified by silica gel column chromatography (
n
hexane/AcOEt = 8/2 to 7/3) to give 
the titled compound (36.9 mg, 74%) as a colorless amorphus; 
1
H NMR (CDCl3, ) 7.48 (dd, 1H, J = 8.0, 
1.1 Hz), 7.45-7.42 (m, 1H), 7.38-7.35 (m, 3H), 7.26-7.18 (m, 6H), 6.70 (t, 1H, J = 1.7 Hz), 5.40 (d, 2H, J = 
1.7 Hz); 
13
C NMR (CDCl3, ) 174.0, 161.5, 138.0, 136.7, 132.1, 129.7, 128.6, 126.5, 126.3, 125.8, 124.4, 
124.1, 116.2, 72.7; IR (ATR) 1750, 1718, 1360 cm
-1
; Anal. Calcd for C17H12N2O2: C, 73.90; H, 4.38; N, 
10.14. Found: C, 73.71; H, 4.61; N, 10.12. 
 
1-Benzyl-4-phenyl-5,6-dihydropyridin-2(1H)-one (75m) A solution of alkenyl triflate 
71 (103 mg, 307 mol), PhB(OH)2 (56.1 mg , 460 mol), and PdCl2(PPh3)2 (10.8 mg, 
15.4 mol) in 3 mL of THF and 2 mL of a 2.0 M aqueous Na2CO3 solution was heated 
to reflux for 10 hours. After cooled to ambient temperature, the reaction mixture was 
extracted with AcOEt twice. The combined organic layers were dried over Na2SO4 and 








H NMR (CDCl3, ) 7.51-7.49 (m, 2H), 7.42-7.27 (m, 8H), 6.38 (t, 1H, J = 1.1 Hz), 4.70 (s, 2H), 3.46 (t, 
2H, J = 7.0 Hz), 2.76 (td, 2H, J = 7.1, 1.2 Hz); 
13
C NMR (CDCl3, ) 165.2, 149.3, 137.30, 137.26, 129.4, 





) calcd for C18H18NO: 264.1389. Found: 264.1382. 
 
1'-Benzyl-2-(phenylimino)spiro[indoline-3,4'-piperidin]-2'-one (76a) To a solution of 
SmI2 (0.1 M in THF, 2.4 mL, 240 mol), was added a solution of carbodiimide 75 (37.9 
mg, 100 mol) and 
t
BuOH (21.0 μL, 220 mol) in 2 mL of THF in a dropwise manner. 
After 15 minutes, a saturated aqueous NH4Cl solution was added and the organic solvent 
was removed by evaporation. This aqueous solution was extracted with AcOEt. The 
organic layer was extracted with a 1 M aqueous HCl solution and the resultant aqueous layer was 
neutralized with solid NaHCO3. This aqueous layer was extracted with AcOEt and the organic layer was 
dried over Na2SO4, concentrated under reduced pressure, and dried in vacuo. The crude material was 
purified by silica gel column chromatography (
n
hexane/AcOEt = 8/2 to 6/4) to give the titled compound 




H NMR (CDCl3, ) 7.38-7.29 (m, 20H), 7.16-7.09 (m, 
2H), 6.95-6.94 (m, 3H), 6.86-6.82 (m, 2H), 6.68 (d, 1H, J = 8.0 Hz), 4.88 (d, 1H, J = 14.3 Hz), 4.68 (d, 1H, 
J = 14.3 Hz), 3.69-3.65 (m, 1H), 3.47-3.44 (m, 1H), 3.10 (d, 1H, J = 17.5 Hz), 2.69 (d, 1H, J = 17.5 Hz), 
2.33-2.27 (m, 1H), 1.99-1.97 (m, 1H); 
13
C NMR (CDCl3, ) 168.1, 162.7, 149.2, 141.6, 136.8, 132.1, 129.6, 





) m/z = 382 (MH
+
); Anal. Calcd for C25H23N3O: C, 78.71; H, 6.08; N, 11.02. 
Found: C, 78.55; H, 6.08; N, 10.70. 
 
tert-Butyl 1'-Benzyl-2'-oxo-2-(phenylimino)spiro[indoline-3,4'-piperidine]-1-carboxy 
late (77a) To a solution of iminoindoline 76a (38.1 mg, 100 mol) in 1 mL of CH2Cl2, 
was added Boc2O (32.7 mg, 150 mol) in 1 mL of CH2Cl2. Then DMAP (12.2 mg, 100 
mol) was added. After 5 hours the reaction mixture was directly subjected to silica gel 
column chromatography (
n
hexane/AcOEt = 6/4) to give the titled compound (47.1 mg, 




H NMR (CDCl3, ) 7.65 (d, 1H, J = 8.0 Hz), 7.41-7.25 (m, 9H), 
7.08-7.08 (m, 2H), 7.03 (dd, 1H, J = 7.4, 7.4 Hz), 6.86 (d, 2H, J = 6.9 Hz), 5.00 (d, 1H, J = 14.3 Hz), 4.51 
(d, 1H, J = 14.3 Hz), 3.72-3.67 (m, 1H), 3.35-3.30 (m, 1H), 3.06 (m, 1H), 2.76 (d, 1H, J = 17.8 Hz), 
2.18-2.13 (m, 1H), 2.06-2.01 (m, 1H), 1.15 (s, 9H); 
13
C NMR (CDCl3, ) 168.3, 155.8, 149.2, 148.3, 140.4, 
136.8, 132.5, 128.9, 128.7, 128.6, 128.4, 127.4, 124.3, 123.7, 122.6, 120.5, 114.8, 83.8, 50.5, 47.5, 43.3, 
39.6, 32.8, 27.4; IR (ATR) 1727, 1704, 1625 cm
-1
; The structure of 77a was established by X-ray 
crystallography. Crystallographic data reported have been deposited with Cambridge Crystallographic Data 
Centre as supplementary publication No. CCDC-847381. Copies of the data can be obtained free of charge 
via http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 
12, Union Road, Cambridge, CB2 1EZ, U. K.; fax +44 1223 336033; or deposit@ccdc.cam.ac.uk). 
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tert-Butyl 1'-Benzyl-5-methyl-2'-oxo-2-(phenylimino)spiro[indoline-3,4'-piperidine 
]-1- carboxylate (77b) The general procedure (condition A) using carbodiimide 75b 




H NMR (CDCl3, ) 7.52 (d, 1H, J = 8.0 Hz), 7.42 (d, 2H, J = 7.4 Hz), 7.36 (dd, 2H, J 
= 7.4, 7.4 Hz), 7.32 (d, 1H, J = 7.4 Hz), 7.27 (dd, 2H, J = 7.4, 7.4 Hz), 7.07 (d, 1H, J = 
7.4 Hz), 7.02 (t, 1H, J = 7.4 Hz), 6.86 (d, 2H, J = 8.0 Hz), 6.83 (s, 1H), 4.80 (d, 1H, J = 14.3 Hz), 4.71 (d, 
1H, J = 14.3 Hz), 3.67-3.62 (m, 1H), 3.36-3.32 (m, 1H), 3.08 (d, 1H, J = 17.2 Hz), 2.72 (d, 1H, J = 17.2 
Hz), 2.25 (s, 3H), 2.18-2.16 (m, 1H), 2.03-1.99 (m, 1H), 1.15 (s, 9H); 
13
C NMR (CDCl3, ) 168.3, 156.1, 
149.3, 148.4, 138.0, 136.8, 134.0, 132.4, 129.0, 128.9, 128.6, 128.5, 127.4, 123.6, 123.3, 120.4, 114.6, 83.6, 




) calcd for 
C31H34N3O3: 496.2600. Found: 496.2604. 
 
tert-Butyl 1'-Benzyl-5-methoxy-2'-oxo-2-(phenylimino)spiro[indoline-3,4'-piperi 
dine]- 1-carboxylate (77c) The general procedure (condition A) with carbodiimide 





H NMR (CDCl3, ) 7.57 (d, 1H, J = 8.6 Hz), 7.41-7.26 (m, 8H), 7.03 (t, 
1H, J = 7.2 Hz), 6.87-6.81 (m, 3H), 6.68 (s, 1H), 4.98 (d, 1H, J = 14.6 Hz), 4.52 (d, 
1H, J = 14.6 Hz), 3.73-3.71 (m, 4H), 3.36-3.34 (m, 1H), 3.06 (d, 1H, J = 17.8 Hz), 2.75 (d, 1H, J = 17.8 
Hz), 2.15-2.14 (m, 1H), 2.06-2.03 (m, 1H), 1.14 (s, 9H); 
13
C NMR (CDCl3, ) 168.2, 156.9, 156.0, 149.3, 
148.3, 136.8, 133.9, 133.7, 128.9, 128.7, 128.4, 127.4, 123.7, 120.5, 115.8, 113.2, 109.1, 83.6, 55.7, 50.5, 




) calcd for C31H34N3O4: 
512.2549. Found: 512.2554. 
 
tert-Butyl 1'-Benzyl-5-chloro-2'-oxo-2-(phenylimino)spiro[indoline-3,4'-piperidine 
]-1- carboxylate (77d) The general procedure (condition A) using carbodiimide 75d 
gave the titled compound (32.0 mg, 2 steps, 62%) as a colorless oil; 
1
H NMR (CDCl3, 
) 7.59 (d, 1H, J = 8.6 Hz), 7.41-7.35 (m, 4H), 7.33-7.24 (m, 4H), 7.06-7.02 (m, 2H), 
6.85 (dd, 2H, J = 8.6 Hz), 4.88 (d, 1H, J = 14.6 Hz), 4.63 (d, 1H, J = 14.6 Hz), 
3.70-3.65 (m, 1H), 3.34-3.29 (m, 1H), 3.07 (d, 1H, J = 17.8 Hz), 2.72 (d, 1H, J = 17.8 Hz), 2.20-2.15 (m, 
1H), 2.04-1.99 (m, 1H), 1.14 (s, 9H); 
13
C NMR (CDCl3, ) 167.8, 154.9, 149.0, 148.0, 138.9, 136.7, 134.3, 
129.7, 129.0, 128.7, 128.7, 128.3, 127.5, 123.9, 123.0, 120.5, 116.0, 84.2, 50.5, 47.7, 43.2, 39.5, 32.6, 27.4; 




) calcd for C30H31
35
ClN3O3: 516.2054. Found: 516.2057. 
 
tert-Butyl 1'-Benzyl-5-methoxy-2'-oxo-2-(phenylimino)spiro[indoline-3,4'-piperidine 
]-1- carboxylate (77e) The general procedure (condition A) using carbodiimide 75e give 





NMR (CDCl3, ) 7.40 (d, 2H, J = 6.9 Hz), 7.32-7.26 (m, 7H), 7.01 (t, 1H, J = 7.2 Hz), 
6.80 (d, 2H, J = 7.4 Hz), 6.69 (d, 1H, J = 8.0 Hz), 5.19 (d, 1H, J = 14.6 Hz), 4.29 (d, 1H, 
 53 
J = 14.6 Hz), 3.87-3.81 (m, 4H), 3.48 (d, 1H, J = 17.8 Hz), 3.25-3.23 (m, 1H), 2.82 (d, 1H, J = 17.8 Hz), 
2.57-2.53 (m, 1H), 1.93-1.90 (m, 1H), 1.12 (s, 9H); 
13
C NMR (CDCl3, ) 169.4, 156.1, 149.3, 148.5, 141.7, 
137.1, 129.6, 128.9, 128.6, 128.2, 127.1, 123.6, 120.5, 118.8, 107.5, 107.0, 99.9, 83.8, 55.4, 50.7, 48.2, 








idine]-1-carboxylate (77f) The general procedure (condition B) using carbodiimide 
75f gave the titled compound (33.6 mg, 2 steps, 66%) as a colorless oil; 
1
H NMR 
(CDCl3, ) 7.68 (d, 1H, J = 8.0 Hz), 7.36-7.29 (m, 5H), 7.06 (m, 2H), 7.01 (ddd, 1H, 
J = 7.7, 7.7, 1.7 Hz), 6.88 (dd, 1H, J = 7.6, 7.6 Hz), 6.84 (d, 1H, J = 8.0 Hz), 6.79 
(dd, 1H, J = 7.7, 1.4 Hz), 4.82 (d, 1H, J = 14.6 Hz), 4.68 (d, 1H, J = 14.6 Hz), 
3.78-3.72 (m, 4H), 3.36-3.31 (m, 1H), 3.08 (d, 1H, J = 17.5 Hz), 2.74 (d, 1H, J = 17.5 Hz), 2.24-2.18 (m, 
1H), 2.05-2.00 (m, 1H), 1.16 (s, 9H); 
13
C NMR (CDCl3, ) 168.5, 155.1, 149.6, 149.3, 140.6, 137.4, 137.0, 
132.5, 128.6, 128.5, 128.4, 127.4, 124.2, 123.9, 122.7, 121.7, 120.7, 114.3, 111.2, 83.5, 55.5, 50.3, 47.7, 








e]-1- carboxylate (77g) The general procedure (condition B) using carbodiimide 75g 
gave the titled compound (44.6 mg, 2 steps, 86%) as a colorless oil; 
1
H NMR (CDCl3, 
) 7.63 (d, 1H, J = 8.0 Hz), 7.38-7.26 (m, 7H), 7.17-7.10 (m, 3H), 6.97 (dd, 1H, J = 
8.0,  7.4 Hz), 6.85 (d, 1H, J = 8.0 Hz), 4.96 (d, 1H, J = 14.6 Hz), 4.54 (d, 1H, J = 
14.6 Hz), 3.88-3.83 (m, 1H), 3.36-3.32 (m, 1H), 3.04 (d, 1H, J = 17.5 Hz), 2.81 (d, 1H, 
J = 17.5 Hz), 2.21-2.16 (m, 1H), 2.08-2.03 (m, 1H), 1.22 (s, 9H); 
13
C NMR (CDCl3, ) 168.2, 156.9, 149.0, 
145.8, 140.1, 137.0, 132.3, 129.8, 128.7, 128.6, 128.4,  127.4, 127.1, 125.6, 124.3, 124.2, 122.6, 120.3, 




) calcd for 
C20H31
35
ClN3O3: 516.2054. Found: 516.2060. 
 
tert-Butyl 1'-Benzyl-2'-oxo-2-(m-tolylimino)spiro[indoline-3,4'-piperidine]-1-car 
boxylate (77h) The general procedure (condition B) using carbodiimide 75h gave 
the titled compound (40.0 mg, 2 steps, 81%) as a colorless oil; 
1
H NMR (CDCl3, ) 
7.66 (d, 1H, J = 8.0 Hz), 7.41-7.08 (m, 9H), 6.85 (d, 1H, J = 7.4 Hz), 6.68-6.67 (m, 
2H), 5.05 (d, 1H, J = 14.3 Hz), 4.47 (d, 1H, J = 14.3 Hz), 3.73-3.68 (m, 1H), 
3.34-3.30 (m, 1H), 3.05 (d, 1H, J = 17.5 Hz), 2.77 (d, 1H, J = 17.5 Hz), 2.31 (s, 3H), 
2.18-2.13 (m, 1H), 2.06-2.03 (m, 1H), 1.15 (s, 9H); 
13
C NMR (CDCl3, ) 168.3, 155.5, 149.3, 148.2, 140.5, 
138.6, 136.8, 132.5, 128.8, 128.7, 128.6, 128.4, 127.4, 124.5, 124.2, 122.6, 121.3, 117.3, 114.7, 83.8, 50.5, 




) calcd for C31H34N3O3: 
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496.2600. Found: 496.2603. 
 
tert-Butyl 1'-Benzyl-2-((4-methoxyphenyl)imino)-2'-oxospiro[indoline-3,4'-pipe 
ridine]-1-carboxylate (77i) The general procedure (condition B) using 
carbodiimide 75i gave the titled compound (38.1 mg, 2 steps, 74%) as a colorless 




H NMR (CDCl3, ) 7.65 (d, 1H, J = 8.0 Hz), 7.42-7.26 (m, 
7H), 7.09-7.08 (m, 2H), 6.83 (m, 3H), 5.01 (d, 1H, J = 14.3 Hz), 4.50 (d, 1H, J = 
14.3 Hz), 3.78 (s, 3H), 3.71-3.65 (m, 1H) , 3.33-3.29 (m, 1H), 3.05 (d, 1H, J = 17.8 
Hz), 2.76 (d, 1H, J = 17.8 Hz), 2.15-2.11 (m, 1H) , 2.04-2.00 (m, 1H) , 1.18 (s, 9H); 
13
C NMR (CDCl3, ) 
168.4, 156.3, 155.0, 149.4, 141.6, 140.5, 136.8, 132.7, 128.6, 12.8.6, 128.4, 127.4, 124.2, 122.6, 121.8, 





calcd for C31H34N3O4: 512.2549. Found: 512.2551. 
 
tert-Butyl 1'-Benzyl-2-((4-fluorophenyl)imino)-2'-oxospiro[indoline-3,4'-piperidin 
e]-1- carboxylate (77j) The general procedure (condition B) using carbodiimide 75j 




H NMR (CDCl3, ) 7.62 (d, 1H, J = 8.0 Hz), 7.41-7.26 (m, 8H), 7.10-7.09 (m, 2H), 
6.99-6.96 (m, 2H), 6.80-6.78 (m, 2H), 5.04 (d, 1H, J = 14.3 Hz), 4.47 (d, 1H, J = 14.3 
Hz), 3.71-3.66 (m, 1H), 3.34-3.29 (m, 1H), 3.03 (d, 1H, J = 17.5 Hz), 2.77 (d, 1H, J = 
17.5 Hz), 2.16-2.11 (m, 1H), 2.07-2.01 (m, 1H), 1.21 (s, 9H); 
13
C NMR (CDCl3, ) 168.2, 159.4 (d, J = 
242.3 Hz), 156.3, 149.1, 144.5 (d, J = 2.4 Hz), 140.3, 136.8, 132.5, 128.8, 128.7, 128.4, 127.4, 124.4, 122.7, 





) calcd for C30H31FN3O3: 500.2350. Found: 500.2352. 
 
tert-Butyl 5-Oxo-2'-(phenylimino)-4,5-dihydro-2H-spiro[furan-3,3'-indoline]-1'-carb 
oxylate (77k) The general procedure (condition B) using carbodiimide 75k gave the 
titled compound (31.5 mg, 2 steps, 83%) as a colorless oil; 
1
H NMR (CDCl3, ) 7.69 (d, 
1H, J = 8.0 Hz), 7.38-7.30 (m, 4H), 7.21 (dd, 1H, J = 7.4, 7.4 Hz), 7.07 (t, 1H, J = 7.4 
Hz), 6.98 (d, 2H, J = 7.4 Hz), 4.76 (d, 1H, J = 8.9 Hz), 4.45 (d, 1H, J = 8.9 Hz), 3.29 (d, 
1H, J = 17.5 Hz), 2.87 (d, 1H, J = 17.5 Hz), 1.19 (s, 9H); 
13
C NMR (CDCl3, ) 174.6, 153.9, 148.9, 147.8, 





) calcd for C22H23N2O4: 379.1658. Found: 379.1659. 
 
tert-Butyl 3-(2-Ethoxy-2-oxoethyl)-3-methyl-2-(phenylimino)indoline-1-carboxylate 
(77l) The general procedure (condition B) using carbodiimide 75l gave the titled 
compound (31.0 mg, 2 steps, 76%) as a colorless oil; 
1
H NMR (CDCl3, ) 7.64 (d, 1H, J 
= 8.0 Hz), 7.29-7.26 (m, 3H), 7.18 (d, 1H, J = 6.9 Hz), 7.10 (t, 1H, J = 7.4 Hz), 
7.00-6.99 (m, 3H), 3.97-3.84 (m, 2H), 3.20 (d, 1H, J = 16.6 Hz), 2.89 (d, 1H, J = 16.6 Hz), 1.25 (s, 9H), 
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1.00 (t, 3H, J = 7.2 Hz); 
13
C NMR (CDCl3, ) 170.0, 158.2, 149.5, 141.1, 134.1, 128.9, 128.0, 123.7, 123.0, 





calcd for C24H29N2O4: 409.2127. Found: 409.2125. 
 
tert-Butyl (2-(1-Benzyl-6-oxo-1,2,3,6-tetrahydropyridin-4-yl)phenyl)carbamate (99) 
A solution of boronic acid 98 (16.3 g, 68.8 mmol), alkenyl triflate 71 (19.2 g, 57.3 
mmol), and PdCl2(PPh3)2 (2.01 g, 2.87 mmol) in 150 mL of THF and 150 mL of a 2.0 M 
aqueous Na2CO3 solution was heated to reflux for an hour. The reaction mixture was 
cooled to ambient temperature. The aqueous layer was extracted with AcOEt. The 
organic layer was washed with brine, dried over Na2SO4, and concentrated under reduced pressure. The 
crude material was purified by silica gel column chromatography (
n
hexane/AcOEt = 8/2 to 4/6) to give the 




H NMR (CDCl3, ) 7.84 (d, 1H, J = 
8.6 Hz), 7.34-7.32 (m, 6H), 7.14-7.08 (m, 2H), 6.49 (s, 1H), 6.09 (s, 1H), 4.69 (s, 2H), 3.47 (t, 2H, J = 7.2 
Hz), 2.63 (t, 2H, J = 7.2 Hz), 1.49 (s, 9H). 
13
C NMR (CDCl3, ) 164.3, 152.9, 149.4, 137.2, 134.3, 130.8, 





) calcd for C23H27N2O3: 379.2022. Found: 379.2020. 
 
tert-Butyl (2-(1-Benzyl-6-oxo-1,2,3,6-tetrahydropyridin-4-yl)-4-methylphenyl)car 
bamate (99b) To a solution of N-Boc p-toluidine (217 mg, 1.05 mmol) in 4 mL of 
Et2O at –78 C, was added 
t
BuLi (1.76 M in pentane, 1.43 mL, 2.52 mmol) in a 
dropwise manner. The reaction mixture was stirred at the same temperature for 15 
minutes and warmed to –20 C. After 3 hours trimethoxyborane (445 L, 3.99 mmol) 
was added. The reaction mixture was warmed to ambient temperature and stirred for 20 minutes. To the 
mixture, was added a 2.0 M aqueous HCl solution to pH 7. The organic layer was separated and the 
aqueous layer was extracted with CHCl3. The combined organic layers were washed with a saturated 
aqueous NaHCO3 solution and dried over Na2SO4. Concentration under reduced pressure gave 252 mg of a 
pale yellow amorphus. The amorphus and alkenyl triflate 71 (387 mg, 1.16 mmol) was dissolved in 10 mL 
of THF and 10 mL of a 2.0 M aqueous Na2CO3 solution and PdCl2(PPh3)2 (73.7 mg, 105 mol) was added 
to the solution. The mixture was heated to reflux for 13 hours. The organic layer was separated and the 
aqueous layer was extracted with AcOEt. The combined organic layers were dried over Na2SO4 and 
concentrated under reduced pressure. The crude material was purified by silica gel column chromatography 
(
n





H NMR (CDCl3, ) 7.64 (d, 1H, J = 6.9 Hz), 7.37-7.27 (m, 5H), 7.11 (dd, 1H, J = 8.3, 1.4 Hz), 
6.95 (d, 1H, J = 1.4 Hz), 6.42 (br s, 1H), 6.06 (s, 1H), 4.68 (s, 2H), 3.45 (t, 2H, J = 7.0 Hz), 2.62 (t, 2H, J = 
7.0 Hz), 2.30 (s, 3H), 1.47 (s, 9H). 
13
C NMR (CDCl3, ) 164.5, 153.1, 149.8, 137.2, 133.8, 131.6, 129.8, 









l)carbamate (99c) To a solution of N-Boc p-anisidine (335 mg, 1.50 mmol) in 5 
mL of Et2O at –78 C, was added 
t
BuLi (1.76 M in pentane, 2.05 mL) in a 
dropwise manner. The reaction mixture was stirred at the same temperature for 15 
minutes and warmed to –20 C. After 2.5 hours trimethoxyborane (636 L, 3.99 
mmol) was added. The mixture was warmed to ambient temperature and stirred for 13 hours. To the 
mixture, was added a 2.0 M aqueous HCl solution to pH 7. The organic layer was separated and the 
aqueous layer was extracted with CHCl3. The combined organic layers were washed with a saturated 
aqueous NaHCO3 solution and dried over Na2SO4. Concentration under reduced pressure gave 392 mg of a 
pale yellow amorphus. The amorphus and alkenyl triflate 71 (503 mg, 1.50 mmol) was dissolved in 10 mL 
of THF and 10 mL of a 2.0 M aqueous Na2CO3 solution and PdCl2(PPh3)2 (105 mg, 0.150 mmol) was 
added to the solution. The mixture was heated to reflux for 1 hour. The organic layer was separated and the 
aqueous layer was extracted with AcOEt. The combined organic layers were dried over Na2SO4 and 
concentrated under reduced pressure. The crude material was purified by silica gel column chromatography 
(
n





H NMR (CDCl3, ) 7.50 (s, 1H), 7.35-7.27 (m, 5H), 6.84 (dd, 1H, J = 8.9, 2.9 Hz), 6.69 (d, 
1H, J = 2.9 Hz), 6.40 (br, 1H), 6.05 (s, 1H), 4.67 (s, 2H), 3.77 (s, 3H), 3.44 (t, 2H, J = 7.2 Hz), 2.62 (t, 2H, 
J = 7.2 Hz), 1.45 (s, 9H). 
13
C NMR (CDCl3, ) 164.4, 156.6, 153.6, 149.8, 149.8, 137.2, 128.6, 128.1, 





) calcd for C24H29N2O4: 409.2127. Found: 409.2122. 
 
tert-Butyl (2-(1-Benzyl-6-oxo-1,2,3,6-tetrahydropyridin-4-yl)-4-chlorophenyl)car 
bamate (99d) To a solution of N-Boc 4-chloroaniline (342 mg, 1.50 mmol) in 6 mL 
of Et2O at –78 C, was added 
t
BuLi (1.76 M in pentane, 2.05 mL) in a dropwise 
manner. The reaction mixture was stirred at the same temperature for 15 minutes and 
warmed to –20 C. After 1.5 hours trimethoxyborane (636 L, 3.99 mmol) was 
added. The mixture was warmed to ambient temperature and stirred for 12 hours. To the mixture, was 
added a 2.0 M aqueous HCl solution to pH 7. The organic layer was separated and the aqueous layer was 
extracted with CHCl3. The combined organic layers were washed with a saturated aqueous NaHCO3 
solution and dried over Na2SO4. Concentration under reduced pressure gave 377 mg of a pale yellow 
amorphus. The amorphus and alkenyl triflate 71 (553 mg, 1.65 mmol) was dissolved in 10 mL of THF and 
10 mL of a 2 M aqueous Na2CO3 solution and PdCl2(PPh3)2 (105 mg, 150 mol) was added to the solution. 
The mixture was heated to reflux for 18 hours. The organic layer was separated and the aqueous layer was 
extracted with AcOEt. The combined organic layers were dried over Na2SO4 and concentrated under 
reduced pressure. The crude material was purified by silica gel column chromatography (
n
hexane/AcOEt = 





NMR (CDCl3, ) 7.82 (d, 1H, J = 8.3 Hz), 7.37-7.25 (m, 6H), 7.12 (d, 1H, J = 2.6 Hz), 6.55 (br, 1H), 6.08 
(s, 1H), 4.68 (s, 2H), 3.47 (t, 2H, J = 7.0 Hz), 2.60 (t, 2H, J = 7.0 Hz), 1.48 (s, 9H). 
13
C NMR (CDCl3, ) 
 57 
164.0, 152.7, 148.0, 137.0, 133.0, 132.0, 129.1, 129.1, 128.7, 128.1, 127.6, 127.4, 124.4, 123.2, 81.2, 49.7, 










amate (99e) To a solution of N-Boc m-anisidine (669 mg, 3.00 mmol) in 12 mL of Et2O 
at –78 C, was added 
t
BuLi (1.76 M in pentane, 4.09 mL) in a dropwise manner. The 
reaction mixture was stirred at the same temperature for 15 minutes and warmed to –20 
C. After 23 hours trimethoxyborane (1.17 mL, 10.5 mmol) was added. The mixture was 
warmed to ambient temperature and stirred for 1.5 hours. To the mixture, was added a 2.0 M aqueous HCl 
solution to pH 3. The organic layer was separated and the aqueous layer was extracted with CHCl3. The 
combined organic layers were washed with a saturated aqueous NaHCO3 solution and dried over Na2SO4. 
Concentration under reduced pressure gave 603 mg of a pale yellow amorphus. The amorphus and alkenyl 
triflate 71 (503 mg, 1.50 mmol) was dissolved in 10 mL of THF and 10 mL of a 2.0 M aqueous Na2CO3 
solution and PdCl2(PPh3)2 (52.7 mg, 75.0 mol) was added to the solution. The mixture was heated to 
reflux for 13 hours. The organic layer was separated and the aqueous layer was extracted with AcOEt. The 
combined organic layers were dried over Na2SO4 and concentrated under reduced pressure. The crude 
material was purified by silica gel column chromatography (
n
hexane/AcOEt = 8/2 to 6/4) to give the titled 




H NMR (CDCl3, ) 7.64 (d, 1H, J 
= 8.3 Hz), 7.36-7.23 (m, 5H), 6.62-6.61 (m, 2H), 5.97 (s, 1H), 4.70 (brs, 2H), 3.77 (s, 3H), 3.46 (t, 2H, J = 
6.9 Hz), 2.55 (brs, 2H), 1.47 (s, 9H); 
13
C NMR (CDCl3, ) 164.4, 156.3, 152.7, 147.6, 137.2, 135.2, 129.5, 





) calcd for C24H29N2O4: 409.2127. Found: 409.2135.  
 
4-(2-Aminophenyl)-1-benzyl-3-bromo-5,6-dihydropyridin-2(1H)-one (100) To a 
solution of N-Boc aniline 99 (567 mg, 1.50 mmol) in 10 mL of CCl4 at 0 
o
C, was added 
bromine (84.6 L, 1.65 mmol) in a dropwise manner. After 10 minutes, the reaction 
mixture was directly evaporated and this residue was dissolved in 10 mL of dioxane. 
After the mixture was cooled to 0 
o
C, DBU (447 L, 3.00 mmol) was added in a 
dropwise manner. After 20 minutes, a saturated aqueous NH4Cl solution was added and the separated 
aqueous layer was extracted with CHCl3. The combined organic layers were dried over Na2SO4 and 
concentrated under reduced pressure. The crude material was purified by silica gel column chromatography 
(
n




H NMR (CDCl3, ) 7.37-7.28 (m, 5H), 7.16 (m, 1H), 6.95 (dd, 1H, J = 7.5, 1.5 Hz), 6.80 (m, 1H), 6.75 (d, 
1H, J = 8.0 Hz), 4.76 (d, 1H, J = 14.3 Hz), 4.67 (d, 1H, J = 14.3 Hz), 3.66 (brs, 2H), 3.47 (t, 2H, J = 6.9 
Hz), 2.70-2.59 (m, 2H); 
13
C NMR (CDCl3, ) 160.4, 149.0, 141.7, 136.8, 129.6, 128.7, 128.2, 127.7, 127.3, 




) calcd for 
C18H18
79
BrN2O: 357.0603. Found: 357.0601. 
 58 
1-Benzyl-3-bromo-4-[2-(tritylamino)phenyl]-5,6-dihydropyridin-2(1H)-one (101) To 
a solution of bromolactam 100 (4.64 g, 13.0 mmol) and Et3N (18.1 mL, 130 mmol) in 
100 mL of CH2Cl2 at 0 
o
C, was added TrCl (21.7 g, 78.0 mmol) in two portions. The 
reaction mixture was warmed to ambient temperature and stirred for 5 hours. Then a 
saturated aqueous NaHCO3 solution was added and the separated organic layer was 
washed with water and a saturated aqueous NaHCO3 solution, dried over Na2SO4, and concentrated under 
reduced pressure. The crude material was purified by silica gel column chromatography (
n
hexane/AcOEt = 




H NMR (CDCl3, 
) 7.35-7.19 (m, 20H), 6.89 (dd, 1H, J = 7.4, 1.7 Hz), 6.77 (m, 1H), 6.63 (m, 1H), 6.14 (d, 1H, J = 8.0 Hz), 
4.91 (s, 1H), 4.73 (d, 1H, J = 14.3 Hz), 4.67 (d, 1H, J = 14.3 Hz), 3.46-3.33 (m, 2H), 2.68-2.67 (m, 2H); 
13
C NMR (CDCl3, ) 160.3, 149.2, 140.9, 136.8, 128.8, 128.7, 128.2, 128.1, 128.0, 127.9, 127.7, 127.1, 







BrN2O: 601.1678. Found: 601.1677. 
 
4-(2-Aminophenyl)-1-benzyl-3-(2-chlorophenyl)-5,6-dihydropyridin-2(1H)-one (10 
3) A solution of N-trityl aniline 101 (300 mg, 500 mol), 2-chlorophenyl boronic acid 
(235 mg, 1.50 mmol), and PdCl2(PPh3)2 (17.5 mg, 25.0 mol) in 10 mL of dioxane and 
10 mL of a 2.0 M aqueous Na2CO3 solution was heated to reflux for an hour. The 
reaction mixture was cooled to ambient temperature. The separated aqueous layer was 
extracted with AcOEt. The combined organic layers were dried over Na2SO4 and concentrated under 
reduced pressure. This crude material was dissolved in 9.5 mL of CH2Cl2 and the resultant solution was 
cooled to 0 
o
C. To the solution was added 0.5 mL of TFA. After 5 minutes, a saturated aqueous NaHCO3 
solution was added and the separated aqueous layer was extracted with CHCl3. The combined organic 
layers were dried over Na2SO4 and concentrated under reduced pressure. The crude material was purified 
by silica gel column chromatography (
n
hexane/AcOEt = 8/2 to 5/5) to give the titled compound (96.6 mg, 2 
steps, 50%) as a yellow amorphous; 
1
H NMR (CDCl3, ) 7.38-7.35 (m, 4H), 7.30-7.28 (m, 2H), 7.11-7.04 
(m, 3H), 6.94-6.90 (m, 2H), 6.56 (br, 2H), 4.83 (d, 1H, J = 14.9 Hz), 4.66 (d, 1H, J = 14.9 Hz), 3.68-3.59 
(m, 3H), 3.41-3.39 (m, 1H), 2.88 (br, 1H), 2.55 (br, 1H); 
13
C NMR (CDCl3, ) 163.6, 147.3, 142.2, 137.2, 
134.8, 132.6, 130.6, 128.5, 128.43, 128.39, 128.34, 128.1, 127.9, 127.4, 127.2, 125.9, 124.4, 117.5, 115.5, 










-(4-methoxyphenyl)urea (104a) To a solution of diaryllactam 103 (335 mg, 861 
mol) in 5 mL of CH2Cl2 at ambient temperature, were added 4-methoxyphenyl 
isocyanate (123 L, 947 mol) and DMAP (10.0 mg, 81.9 mol). The reaction 
mixture was stirred for 2 hours. 10 mL of Et2O was added to the reaction mixture and 
a colorless precipitate was observed. The precipitate was collected by filtration, washed with CH2Cl2 and 
 59 





(DMSO-d6, 8.91 (s, 1H), 7.88 (s, 1H), 7.73 (d, 1H, J = 8.3 Hz), 7.35-7.29 (m, 9H), 7.15-7.13 (m, 1H), 
7.11-7.07 (m, 3H), 6.89-6.83 (m, 2H), 6.76 (d, 1H, J = 3.4 Hz), 4.95 (d, 1H, J = 14.6 Hz), 4.41 (d, 1H, J = 
14.6 Hz), 3.72 (s, 3H), 3.55-3.54 (m, 2H), 3.00-2.91 (m, 1H), 2.49-2.37 (m, 2H); 
13
C NMR (DMSO-d6, 
163.0, 154.5, 152.5, 147.3, 146.2, 137.5, 136.2, 135.4, 133.5, 132.6, 131.4, 130.9, 128.9, 128.5, 128.4, 





) calcd for C32H29
35
ClN3O3: 538.1897. Found: 538.1896. 
 
1-{2-[1-Benzyl-5-(2-chlorophenyl)-6-oxo-1,2,3,6-tetrahydropyridin-4-yl]phenyl}-
3-(4-methoxybenzyl)urea (104b) To a solution of diaryllactam 20 (93.0 mg, 239 
mol) in 1 mL of CH2Cl2 at ambient temperature, were added 4-methoxybenzyl 
isocyanate (40.5 L, 263 mol) and DMAP (9.6 mg, 78.6 mol). The reaction 
mixture was heated to 40 
o
C and stirred for 24 hours. After cooled to ambient 
temperature, the reaction mixture was directly subjected to silica gel column chromatography 
(
n




H NMR (CDCl3, ) 7.79-7.65 (br, 1H), 7.31-7.06 (m, 12H), 6.82-6.78 (br, 3H), 6.65-6.55 (br, 2H), 
6.35-6.16 (br, 1H), 5.58-4.62 (m, 1H), 4.24-4.19 (br, 2H), 4.01-3.98 (br, 1H), 3.76 (s, 3H), 3.62-3.59 (br, 
1H), 3.24-2.91 (br, 2H), 2.38-2.27 (br, 1H); 
13
C NMR (CDCl3, ) 164.8, 158.5, 155.8, 148.4, 135.9, 135.7, 
135.1, 133.5, 133.0, 132.0, 131.9, 129.1, 128.9, 128.8, 128.7, 128.6, 128.2, 128.1, 127.9, 127.4, 126.2, 




C spectra were highly broadened.); 




) calcd for C33H31
35
ClN3O3: 552.2054. Found: 552.2059. 
 
1-Benzyl-3-(2-chlorophenyl)-4-[2-(4-methoxyphenyliminomethyleneamino)phenyl]
-5,6-dihydropyridin-2(1H)-one (105a) To a stirred solution of urea 104a (404 mg, 
751 mol), PPh3 (295 mg, 1.13 mmol), and Et3N (230 L, 1.65 mmol) in 10 mL of 
CH2Cl2 at 0 C, was added CBr4 (299 mg, 901 mol). The reaction mixture was stirred 
for an hour and warmed to ambient temperature. Then additional PPh3 (300 mg, 1.14 
mmol) was added in three portions and the reaction mixture was stirred for 5 hours and directly evaporated. 
The resultant residue was purified by silica gel column chromatography (
n
hexane/AcOEt = 8/2 to 7/3) to 
give the titled compound (379 mg, 97%) as a colorless oil; 
1
H NMR (CDCl3, ) 7.40-7.38 (m, 2H), 
7.36-7.33 (m, 2H), 7.30-7.27 (m, 2H), 7.13-7.00 (m, 7H), 6.94-6.84 (m, 4H), 4.83 (d, 1H, J = 14.9 Hz), 
4.66 (d, 1H, J = 14.9 Hz), 3.79 (s, 3H), 3.68-3.66 (m, 1H), 3.48-3.43 (m, 1H), 3.07 (br, 1H), 2.60 (br, 1H); 
13
C NMR (CDCl3, ) 163.9, 157.5, 147.4, 137.5, 135.9, 135.6, 134.3, 134.2, 134.1, 132.4, 131.8, 130.3, 
128.9, 128.8, 128.56, 128.55, 128.53, 128.2, 127.3, 126.1, 125.12, 125.05, 124.8, 114.8, 55.5, 50.3, 44.5, 




) calcd for C32H27
35






-5,6-dihydropyridin-2(1H)-one (105b) To a stirred solution of urea 104b (167 mg, 
303 mol), PPh3 (119 mg, 454 mol), and Et3N (127 L, 909 mol) in 6 mL of 
CH2Cl2 at 0 C, was added CBr4 (121 mg, 364 mol). The reaction mixture was stirred 
for an hour and warmed to ambient temperature. The reaction mixture was stirred for 
10 hours and directly evaporated. The resultant residue was purified by silica gel column chromatography 
(
n
hexane/AcOEt = 8/2 to 6/4) to give the titled compound (98.3 mg, 61%) as a colorless oil; 
1
H NMR 
(CDCl3, ) 7.40-7.33 (m, 4H), 7.28-7.23 (m, 4H), 7.05-6.99 (m, 2H), 6.91-6.80 (m, 7H), 4.81 (d, 1H, J = 
14.6 Hz), 4.65 (d, 1H, J = 14.6 Hz), 4.45 (s, 2H), 3.75 (s, 3H), 3.60-3.58 (m, 1H), 3.40-3.35 (m, 1H), 2.96 
(s, 1H), 2.43-2.41 (m, 1H); 
13
C NMR (CDCl3, ) 163.9, 159.1, 147.8, 138.7, 137.5, 136.9, 135.8, 135.6, 
134.1, 133.9, 131.9, 131.7, 129.8, 128.60, 128.57, 128.5, 128.4, 128.3, 128.2, 127.3, 126.0, 124.3, 124.0, 




) calcd for C33H29
35
ClN3O2: 
534.1948. Found: 534.1951. 
 
(3RS,3'RS,Z)-1'-Benzyl-3'-(2-chlorophenyl)-2-(4-methoxyphenylimino)spiro
[indoline-3,4'-piperidin]-2'-one (106a) A solution of carbodiimide 105a (354 
mg, 681 mol) and 
t
BuOH (651 L, 6.81 mmol) in 12 mL of THF was degassed 
by freeze pump thaw cycles chilled with liquid nitrogen. To the stirred solution 
at ambient temperature, was added a solution of SmI2 (0.1 M in THF, 19 mL, 
1.90 mmol) in a dropwise manner over 4.5 hours. Then a saturated aqueous NH4Cl solution was added to 
the reaction mixture and the organic solvent was removed by evaporation. The resultant mixture was 
extracted with AcOEt twice and the combined organic layers were washed with a saturated aqueous NH4Cl 
solution and dried over Na2SO4. The crude solution was concentrated under reduced pressure and dried in 
vacuo. The crude material was subjected to silica gel column chromatography (
n
hexane/AcOEt = 8/2 to 




H NMR (CDCl3, ) 
7.50-7.32 (m, 6H), 7.19-7.13 (m, 3H), 6.94-6.92 (m, 1H), 6.87-6.68 (m, 5H), 6.59-6.53 (m, 3H), 5.03 (s, 
1H), 4.97* (d, 1H, J = 13.7 Hz), 4.87 (d, 1H, J = 14.3 Hz), 4.83
*
 (s, 1H), 4.76 (d, 1H, J = 14.3 Hz), 4.66
*
 (d, 
1H, J = 13.7 Hz), 3.88-3.82 (m, 1H), 3.79 (s, 3H), 3.77
*
 (s, 3H), 3.64-3.62 (m, 1H), 2.58-2.52 (m, 1H), 2.22 
(ddd, 1H, J = 13.7, 5.7, 5.7 Hz), 2.01-1.98
*
 (m, 1H). 
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) calcd for C32H29
35
ClN3O2: 522.1948. Found: 522.1946 
(
*
peaks of minor isomer). Crystallographic data reported have been deposited with Cambridge 
Crystallographic Data Centre as supplementary publication No. CCDC-927186. Copies of the data can be 
obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge 




indoline-3,4'-piperidin]-2'-one (106b) A solution of carbodiimide 105b (98.3 
mg, 184 mol) and 
t
BuOH (176 L, 1.84 mmol) in 1.8 mL of THF was degassed 
by freeze pump thaw cycles chilled with liquid nitrogen. To the stirred solution 
at ambient temperature, was added a solution of SmI2 (0.9 M in THF/HMPA = 
9/1, 8.18 mL) over 2 minutes. The reaction mixture was stirred for 5 minutes. Then a saturated aqueous 
NH4Cl solution was added to the reaction mixture and the organic solvent was removed by evaporation. 
The resultant mixture was extracted with AcOEt twice and the combined organic layers were washed with a 
saturated aqueous LiCl solution twice and dried over Na2SO4. The crude solution was concentrated under 
reduced pressure. The crude material was subjected to silica gel column chromatography (
n
hexane/AcOEt = 
8/2 to 4/6) to give the titled compound (88.6 mg, 90%) as a colorless amorphus; 
1
H NMR (CDCl3, ) 
7.44-7.43 (m, 2H), 7.39-7.37 (m, 3H), 7.27-7.27 (m, 1H), 7.24-7.22 (m, 1H), 7.17-7.15 (m, 3H), 7.09-7.05 
(m, 1H), 6.85-6.82 (m, 5H), 6.44 (d, 1H, J = 8.0 Hz), 4.93-4.89 (m, 2H), 4.64-4.62 (m, 2H), 4.54-4.50 (m, 
1H), 4.35-4.32 (m, 1H), 3.81 (s, 3H), 3.77-3.74 (m, 1H), 3.59 (m, 1H), 2.36 (m, 1H), 1.94 (m, 1H); 
13
C 
NMR (CDCl3, ) 173.1, 168.1, 159.0, 155.9, 136.2, 134.5, 134.2, 130.1, 129.6, 129.5, 129.4, 129.3, 129.0, 





) calcd for C33H31
35
ClN3O2: 536.2105. Found: 536.2100. 
 
(4aRS,14bRS)-2-Benzyl-10-(4-methoxyphenyl)-3,4,10,14b-tetrahydrobenzo[c]in do 
lo[3,2-j][2,6]naphthyridin-1(2H)-one (110a) A solution of iminoindoline 106a (52.2 
mg, 100 mol), NaO
t
Bu (28.8 mg, 300 mol), Pd(OAc)2 (2.1 mg, 5.09 mol), and 
Cy3PH·BF4 (3.7 mg, 10.0 mol) in 2 mL of DMA was heated at 120 C for 17 hours. 
Then the reaction mixture was cooled to ambient temperature and a saturated aqueous 
NH4Cl solution was added. The mixture was extracted with CHCl3 three times and the combined organic 
layers were washed with H2O, dried over Na2SO4, and concentrated under reduced pressure. The crude 
material was purified by silica gel column chromatography (CHCl3/AcOEt = 10/0 to 9/1) to give the titled 




H NMR (CDCl3, ) 7.69 (d, 1H, J = 8.0 
Hz), 7.39-7.34 (m, 7H), 7.19-7.08 (m, 6H), 6.85-6.81 (m, 2H), 6.57 (d, 1H, J = 8.0 Hz), 4.93 (d, 1H, J = 
14.3 Hz), 4.74 (d, 1H, J = 14.3 Hz), 4.03 (s, 1H), 3.87 (s, 3H), 3.51 (ddd, 1H, J = 12.5, 7.0, 6.0 Hz), 3.30 
(dd, 1H, J = 12.6, 7.0 Hz), 2.56 (ddd, 1H, J = 12.5, 7.0, 6.0 Hz), 1.42 (dd, 1H, J = 12.6, 6.0 Hz); 
13
C NMR 
(CDCl3, ) 171.8, 167.1, 159.4, 155.0, 140.6, 136.4, 136.1, 131.7, 128.9, 128.8, 128.7, 128.3, 127.9, 127.8, 





) calcd for C32H28N3O2: 486.2182. Found: 486.2182. 
 
3-Benzyl-5-(phenylamino)-2,3-dihydrobenzo[c][2,7]naphthyridin-4(1H)-one (111) A 
solution of carbodiimide 75a (60.8 mg, 160 mol) in 1.6 mL of THF was heated to 
60 °C for 8 days. After cooled to ambient temperature, the reaction mixture was directly 
purified by preparative thin-layer chromatography (
n
hexane/AcOEt = 7/3) to give the 
 62 




H NMR (CDCl3, δ) 11.52 (s, 1H), 
8.00 (dd, 2H, J = 8.3, 1.0 Hz), 7.76 (d, 1H, J = 8.3 Hz), 7.67 (d, 1H, J = 8.3 Hz), 7.61-7.57 (m, 1H), 
7.37-7.29 (m, 7H), 7.24-7.22 (m, 1H), 7.02 (t, 1H, J = 7.4 Hz), 4.79 (s, 2H), 3.55 (t, 2H, J = 7.0 Hz), 3.21 (t, 
2H, J = 7.0 Hz); 
13
C NMR (CDCl3, δ) 165.5, 152.4, 148.7, 147.5, 136.7, 131.5, 128.8, 128.6, 127.9, 127.7, 





) calcd for C25H22N3O: 380.1765. Found: 380.1764. 
 
tert-Butyl [2-(2-Oxo-1,2,5,6-tetrahydropyridin-3-yl)phenyl]carbamate (129) A solution 
of boronic acid 98 (1.78 g, 7.50 mmol), lactam 128 (880 mg, 5.00 mmol), and PdCl2(PPh3)2 
(70.2 mg, 100 mol) in 40 mL of dioxane and 40 mL of a 2.0 M aqueous Na2CO3 solution 
was heated to 100 C for 30 minutes. The reaction mixture was cooled to ambient 
temperature and the aqueous layer was extracted with AcOEt. The combined organic layers were washed 
with brine, dried over Na2SO4 and concentrated under reduced pressure. The crude material was purified by 
silica gel column chromatography (
n
hexane/AcOEt = 3/7 to 1/9) to give the titled compound (1.27 g, 88%) 




H NMR (CDCl3, ) 7.84 (br, 1H), 7.75 (d, 1H, J = 8.5 Hz), 7.32 (ddd, 1H, 
J = 8.5, 7.2, 2.0 Hz), 7.10-7.04 (m, 2H), 6.67 (t, 1H, J = 4.4 Hz), 6.29 (br, 1H), 3.51 (td, 2H, J = 7.2, 4.6 
Hz), 2.55 (m, 2H), 1.49 (s, 9H); 
13
C NMR (CDCl3, ) 166.6, 153.8, 142.0, 136.3, 135.2, 130.6, 129.7, 128.9, 




) calcd for 
C16H20N2O3: 288.1474. Found: 288.1472. 
 
3-(2-Aminophenyl)-5,6-dihydropyridin-2(1H)-one (130) To a solution of lactam 129 (10.0 
g, 34.7 mmol) in 315 mL of CH2Cl2 at 0 C, was added 35 mL of TFA. After 20 minutes, the 
reaction mixture was warmed to ambient temperature and stirred for additional 3 hours. A 
saturated aqueous NaHCO3 solution was added to the reaction mixture and the aqueous layer 
was extracted with CHCl3 twice. The combined organic layers were dried over Na2SO4 and concentrated 
under reduced pressure. The crude material was purified by silica gel column chromatography 





(CDCl3, ) 7.14 (ddd, 1H, J = 7.7, 7.7, 1.4 Hz), 7.02 (dd, 1H, J = 7.4, 1.4 Hz), 6.78 (ddd, 1H, J = 7.7, 7.7, 
1.4 Hz), 6.72-6.69 (m, 2H), 5.94 (br, 1H), 4.00 (br, 2H), 3.53 (td, 2H, J = 7.2, 2.9 Hz), 2.56-2.52 (m, 2H); 
13
C NMR (CDCl3, ) 166.1, 145.0, 141.0, 135.4, 130.9, 129.1, 124.4, 118.9, 116.8, 39.8, 24.8; IR (ATR) 




) calcd for C11H13N2O: 189.1028. Found: 189.1031. 
 
1-(2-Iodophenyl)-3-[2-(2-oxo-1,2,5,6-tetrahydropyridin-3-yl)phenyl]thiourea (131 
) A solution of aniline 130 (605 mg, 3.21 mmol), 2-iodophenyl isothiocyanate (1.84 
mg, 7.06 mmol), and DMAP (58.9 mg, 0.482 mmol) in 32 mL of toluene was heated 
to 60 C for 2 hours. The reaction mixture was cooled to ambient temperature and 
concentrated under reduced pressure. AcOEt was added to the residue and the reultant 
solid was filtered, washed with AcOEt, and dried in vacuo to give the titled compound (1.23 g, 85%) as a 
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H NMR (CDCl3, ) 8.68 (br, 1H), 7.85 (d, 1H, J = 8.3 Hz), 7.76 (br, 1H), 
7.68 (d, 1H, J = 6.9 Hz), 7.47-7.39 (m, 3H), 7.31-7.29 (m, 1H), 7.24-7.23 (m, 1H), 7.00 (dd, 1H, J = 8.2, 
8.2 Hz), 6.78 (t, 1H, J = 4.3 Hz), 5.67 (br, 1H), 3.54-3.51 (m, 2H), 2.59-2.55 (m, 2H); 
13
C NMR (DMSO-d6, 
180.8, 165.2, 141.2, 140.7, 139.1, 137.2, 134.3, 133.8, 130.6, 129.8, 129.0, 128.9, 128.4, 127.7, 126.0, 




) calcd for C18H17N3OSI: 
450.0137. Found: 450.0132. 
 
tert-Butyl 5-[(2-Iodophenyl)amino]-1-oxo-3,4-dihydrobenzo[c][2,6]naphthyridin 
e-2(1H)-carboxylate (133) To a solution of thiourea 131 (5.00 g, 11.1 mmol) and 
Et3N (6.19 mL, 44.4 mmol) in 800 mL of AcOEt at 0 C, was added a solution of 
iodine (2.82 g, 11.1 mmol) in 200 mL of AcOEt in a dropwise manner over 20 
minutes. After 1.5 hours, the reaction mixture was filtered, and the filtrate was 
concentrated under reduced pressure to give a crude material. The solution of this crude material in 500 mL 
of DCE was heated at 80 C for 9 hours. After cooled to ambient temperature, the reaction mixture was 
concentrated under reduced pressure. Et2O was added to the residue, and the solution was extracted with a 
3.0 M aqueous HCl solution twice. The combined aqueous layers were basified by solid Na2CO3, and the 
solution was extracted with CHCl3 twice. The combined organic layers were dried over Na2SO4 and 
concentrated under reduced pressure to give a crude material. The solution of this crude material, Boc2O 
(2.40 g, 11.0 mmol), Et3N (3.37 mL, 24.2 mmol) and DMAP (134 mg, 1.10 mmol) in 60 mL of THF was 
stirred at ambient temperature. After 1.5 hours, H2O was added to the reaction mixture. The mixture was 
extracted with CHCl3 twice. The combined organic layers were dried over Na2SO4 and concentrated under 
reduced pressure. The crude material was purified by silica gel column chromatography (
n
hexane/AcOEt = 
9/1 to 8/2) to give the titled compound (3.92 g, 69%, 3 steps) as a yellow amorphus; 
1
H NMR (CDCl3, ) 
8.93 (d, 1H, J = 8.6 Hz), 8.73 (d, 1H, J = 8.0 Hz), 7.87 (d, 1H, J =8.0 Hz), 7.82 (dd, 1H, J = 8.0, 1.7 Hz), 
7.62 (dd, 1H, J = 8.0, 1.7 Hz), 7.46-7.40 (m, 2H), 7.03 (br, 1H), 6.81 (ddd, 1H, J = 8.0, 8.0, 1.7 Hz), 4.11 (t, 
2H, J = 6.3 Hz), 3.01 (t, 2H, J = 6.3 Hz), 1.63 (s, 9H); 
13
C NMR (CDCl3, ) 162.6, 152.2, 150.0, 146.8, 
140.1, 138.8, 133.6, 129.5, 129.2, 127.6, 126.2, 125.3, 124.4, 124.1, 121.5, 120.3, 90.2, 83.8, 43.0, 28.2, 








o[c][2,6]naphthyridine-2(1H)-carboxylate (134a) To a solution of aminoquinoline 
133 (155 mg, 301 mol) in 2 mL of THF at ambient temperature, were added a 
solution of Boc2O (78.8 mg, 361 mol) in 1 mL of THF and DMAP (44.1 mg, 361 
mol). After 3 hours, a saturated aqueous NH4Cl solution was added and the 
mixture was extracted with AcOEt twice. The combined organic layers were dried over Na2SO4 and 
concentrated under reduced pressure. The crude material was purified by silica gel column chromatography 
(
n




H NMR (CDCl3, ) 9.00 (d, 1H, J = 8.9 Hz), 7.86-7.82 (m, 2H), 7.61-7.38 (m, 4H), 7.01 (dd, 
1H, J = 7.9, 7.9 Hz), 4.04 (br, 2H), 3.26 (br, 2H), 1.62 (s, 9H), 1.47 (s, 9H); 
13
C NMR (CDCl3, ) 162.8, 
153.1, 151.9, 150.8, 150.8, 146.6, 143.9, 139.6, 134.3, 131.5, 129.3, 129.0, 128.7, 128.6, 128.0, 125.7, 




) calcd for 
C28H31IN3O5: 616.1308. Found: 616.1307. 
 
tert-Butyl 5-[Allyl(2-iodophenyl)amino]-1-oxo-3,4-dihydrobenzo[c][2,6]naphth 
yridine-2(1H)-carboxylate (134b) To a solution of aminoquinoline 133 (155 mg, 
301 mol) in 2.4 mL of THF at 0 °C were added allyl iodide (33.0 L, 361 mol) 
and a suspension of NaH (60% wt, 12.0 mg, 301 mol) in 0.6 mL of DMF. After 4 
hours, a saturated aqueous NH4Cl solution was added to the reaction mixture. The 
mixture was extracted with AcOEt twice. The combined organic layers were dried over Na2SO4 and 
concentrated under reduced pressure. The crude was purified by silica gel column chromatography 
(
n
hexane/AcOEt = 9/1 to 8/2) to give the titled compound (139 mg, 83%) as an orange amorphus;
 1
H NMR 
(CDCl3, ) 8.85 (d, 1H, J = 8.0 Hz), 7.98 (d, 1H, J = 8.0 Hz), 7.92 (d, 1H, J = 7.7 Hz), 7.63 (dd, 1H, J = 7.7, 
7.7 Hz), 7.45 (dd, 1H, J = 8.0, 8.0 Hz), 7.21 (dd, 1H, J = 8.0, 8.0 Hz), 6.93 (dd, 1H, J = 7.7, 7.7 Hz), 6.68 
(d, 1H, J = 7.7 Hz), 6.34-6.26 (m, 1H), 5.18 (d, 1H, J = 17.2 Hz), 5.10 (d, 1H, J = 10.0 Hz), 4.52 (d, 2H, J 
= 6.3 Hz), 3.76 (br, 2H), 2.12 (br, 2H), 1.56 (s, 9H); 
13
C NMR (CDCl3, ) 163.0, 155.1, 151.7, 148.8, 146.7, 
140.8, 134.6, 134.5, 129.4, 129.2, 128.9, 128.04, 128.00, 127.6, 125.7, 125.6, 122.0, 118.3, 99.5, 83.5, 55.0, 








][2,6] naphthyridine-2(1H)-carboxylate (134c) To a solution of aminoquinoline 
133 (515 mg, 1.00 mmol) in 4 mL of THF at 0 °C, were added p-methoxybenzyl 
iodide (322 mg, 1.30 mmol)* and a suspension of NaH (60% wt, 44.0 mg, 1.10 
mmol) in 2 mL of DMF. After 20 minutes, a saturated aqueous NaHCO3 solution 
was added to the reaction mixture. The aqueous layer was extracted with AcOEt twice. The combined 
organic layers were dried over Na2SO4 and concentrated under reduced pressure. The crude material was 
purified by silica gel column chromatography (
n
hexane/AcOEt = 9/1 to 8/2) to give the titled compound 
(581 mg, 91%) as an orange amorphus; 
1
H NMR (CDCl3, ) 8.82 (d, 1H, J = 8.3 Hz), 7.99 (d, 1H, J = 8.0 
Hz), 7.90 (d, 1H, J = 8.3 Hz), 7.62 (dd, 1H, J = 7.6, 7.6 Hz), 7.47-7.42 (m, 3H), 7.12 (dd, 1H, J = 7.6, 7.6 
Hz), 6.92 (dd, 1H, J = 7.6, 7.6 Hz), 6.72 (d, 2H, J = 8.6 Hz), 6.50 (d, 1H, J = 8.0 Hz), 5.13 (s, 2H), 
3.80-3.74 (m, 2H), 3.72 (s, 3H), 2.23-2.15 (m, 2H), 1.55 (s, 9H); 
13
C NMR (CDCl3, ) 163.0, 158.4, 155.2, 
151.8, 148.6, 146.6, 140.9, 134.7, 130.7, 130.1, 129.4, 129.1, 128.1, 128.0, 127.68, 127.67, 125.7, 125.6, 





calcd for C31H30N3O4I: 635.1281. Found: 635.1271. 
* p-Methoxybenzyl iodide was prepared by the reported procedure (F. Bilodeau, L. Dubé; P. 
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Deslongchamps, Tetrahedron 2003, 59, 2781.).  
 
5-[(2-Iodophenyl)(4-methoxybenzyl)amino]-3,4-dihydrobenzo[c][2,6]naphthyri
din-1(2H)-one (135) To a solution of aminoquinoline 134a (3.00 g, 4.72 mmol) in 
180 mL of CH2Cl2 at 0 °C was added 20 mL of TFA. After 20 minutes, a saturated 
aqueous NaHCO3 solution was added to the reaction mixture. The aqueous layer 
was extracted with CHCl3 twice. The combined organic layers were dried over 
Na2SO4 and concentrated under reduced pressure. The crude was purified by silica gel column 
chromatography (
n
hexane/AcOEt = 6/4 to 5/5) to give the titled compound (2.50 g, 99%) as an orange 
amorphus; 
1
H NMR (CDCl3, ) 9.00 (d, 1H, J = 8.3 Hz), 7.98 (d, 1H, J = 7.6 Hz), 7.88 (d, 1H, J = 8.3 Hz), 
7.61 (dd, 1H, J = 7.0, 7.0 Hz), 7.50 (d, 2H, J = 8.6 Hz), 7.44 (dd, 1H, J = 7.2, 7.2 Hz), 7.12 (dd, 1H, J = 7.6, 
7.6 Hz), 6.90 (dd, 1H, J = 7.6, 7.6 Hz), 6.73 (d, 2H, J = 8.6 Hz), 6.53 (d, 1H, J = 7.6 Hz), 6.14 (s, 1H), 5.10 
(s, 2H), 3.72 (s, 3H), 3.32 (td, 2H, J = 6.4, 3.7 Hz), 2.26-2.19 (m, 2H); 
13
C NMR (CDCl3, ) 166.0, 158.3, 
155.4, 149.1, 146.4, 140.8, 133.6, 130.55, 130.47, 129.3, 129.1, 129.0, 128.0, 127.9, 127.4, 125.9, 125.4, 





calcd for C26H23N3O2I: 536.0829. Found: 536.0838. 
 
5-[(2-Iodophenyl)(4-methoxybenzyl)amino]-3,4-dihydrobenzo[c][2,6]naphthyri
dine-1(2H)-thione (136) A solution of aminoquinoline 135 (425 mg, 794 μmol) and 
Lawesson’s reagent (177 mg, 437 μmol) in 12 mL of toluene was heated to 100 °C 
for 1 hour. After the reaction mixture was cooled to ambient temperature, a saturated 
aqueous NaHCO3 solution was added. The aqueous layer was extracted with CHCl3 
twice. The combined organic layers were dried over Na2SO4 and concentrated under reduced pressure. The 
crude was purified by silica gel column chromatography (toluene/
 n
hexane/AcOEt = 10/0/0 to 5/5/0 to 
0/10/0 to 0/6/4) to give the titled compound (424 mg, 97%) as a yellow amorphus; 
1
H NMR (CDCl3, ) 
9.30 (d, 1H, J = 8.3 Hz), 8.56 (s, 1H), 7.96 (d, 1H, J = 6.6 Hz), 7.88 (d, 1H, J = 7.2 Hz), 7.60 (dd, 1H, J = 
7.6, 7.6 Hz), 7.47 (d, 2H, J = 8.6 Hz), 7.42 (dd, 1H, J = 7.7, 7.7 Hz), 7.11 (dd, 1H, J = 7.6, 7.6 Hz), 6.89 (d, 
1H, J = 7.6, 7.6 Hz), 6.71 (d, 2H, J = 8.6 Hz), 6.58 (d, 1H, J = 8.0 Hz), 5.12 (s, 2H), 3.72 (s, 3H), 3.25 (dd, 
2H, J = 11.0, 6.2 Hz), 2.21-2.15 (m, 2H); 
13
C NMR (CDCl3, ) 191.5, 158.4, 155.1, 148.8, 146.9, 140.8, 
138.7, 130.7, 130.3, 129.5, 129.4, 129.1, 128.0, 127.6, 126.3, 124.6, 122.3, 122.1, 113.1, 99.1, 55.1, 54.5, 








]naphthyridin-5-amine (137) A solution of thiolactam 136 (405 mg, 734 μmol), 
K2CO3 (710 mg, 5.14 mmol), and MeI (274 μL, 4.40 mmol) in 9 mL of THF was 
stirred at ambient temperature for 44 hours. H2O was added to the reaction mixture 
and the aqueous layer was extracted with AcOEt twice. The combined organic 
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layers were dried over Na2SO4 and concentrated under reduced pressure. The crude was purified by silica 
gel column chromatography (
n
hexane/AcOEt = 9/1 to 8/2) to give the titled compound (371 mg, 89%) as a 
pale yellow amorphus; 
1
H NMR (CDCl3, ) 8.71 (d, 1H, J = 8.3 Hz), 7.96 (d, 1H, J = 8.0 Hz), 7.91 (d, 1H, 
J = 8.3 Hz), 7.60 (dd, 1H, J = 7.6, 7.6 Hz), 7.45 (d, 2H, J = 8.6 Hz), 7.38 (dd, 1H, J = 7.6, 7.6 Hz), 7.11 (dd, 
1H, J = 7.6, 7.6 Hz), 6.88 (dd, 1H, J = 7.6, 7.6 Hz), 6.71 (d, 2H, J = 8.6 Hz), 6.59 (d, 1H, J = 8.0 Hz), 5.16 
(s, 2H), 3.71 (s, 3H), 3.47-3.41 (m, 2H), 2.47 (s, 3H), 1.87-1.81 (m, 2H); 
13
C NMR (CDCl3, ) 163.7, 158.3, 
155.6, 148.7, 146.6, 140.7, 135.6, 130.7, 130.4, 129.4, 129.3, 128.8, 128.3, 127.4, 126.2, 124.9, 124.0, 





for C27H25N3OSI: 566.0758. Found: 566.0748. 
 
tert-Butyl 5-[(2-Iodophenyl)(4-methoxybenzyl)amino]-1-(methylimino)-3,4-dihy 
drobenzo[c][2,6]naphthyridine-2(1H)-carboxylate (139) A solution of methyl 
thioimidate 137 (1.44 g, 2.55 mmol) in 25 mL of a 2.0 M methylamine solution in 
MeOH was heated to 80 °C in a sealed tube for 47 hours. The reaction mixture was 
cooled to ambient temperature and concentrated under reduced pressure to give a 
crude material. A solution of this crude material, Boc2O (557 mg, 2.55 mmol), and Et3N (782 μL, 5.61 
mmol) in 35 mL of THF was stirred at ambient temperature for 17 hours. To the reaction mixture was 
added brine and the mixture was extracted with AcOEt twice. The combined organic layers were dried over 
Na2SO4 and concentrated under reduced pressure. The crude material was purified by silica gel column 
chromatography (
n
hexane/AcOEt = 9/1 to 8/2) to give the titled compound (1.44 g, 2 steps, 87%) as a pale 
yellow amorphus; 
1
H NMR (CDCl3, ) 8.48 (d, 1H, J = 8.3 Hz), 7.97 (d, 1H, J = 8.0 Hz), 7.86 (d, 1H, J = 
8.3 Hz), 7.58 (dd, 1H, J = 7.7, 7.7 Hz), 7.52 (d, 2H, J = 8.6 Hz), 7.39 (dd, 1H, J = 7.7, 7.7 Hz), 7.10 (dd, 
1H, J = 7.7, 7.7 Hz), 6.87 (dd, 1H, J = 7.7, 7.7 Hz), 6.72 (d, 2H, J = 8.6 Hz), 6.61 (d, 1H, J = 8.0 Hz), 5.06 
(s, 2H), 3.71 (s, 3H), 3.54-3.49 (m, 2H), 3.37 (s, 3H,), 2.35-2.20 (m, 2H), 1.44 (s, 9H); 
13
C NMR (CDCl3, 
) 158.2, 155.2, 151.8, 149.9, 148.1, 146.4, 145.1, 140.9, 140.8, 130.8, 130.4, 129.3, 128.9, 127.9, 127.3, 





) calcd for C32H34N4O3I: 649.1670. Found: 649.1677. 
 
tert-Butyl (4aRS,14bRS)-9-Allyl-1-oxo-1,3,4,14b-tetrahydrobenzo[c]indolo[3,2-j][2 
,6]nap hthyridine-2(9H)-carboxylate (140b) To a solution of lactam 134b (55.5 mg, 
99.9 μmol) in 2 mL of THF at –78 °C was added 
n
BuLi (1.60 M in 
n
hexane, 68.7 μL, 
110 μmol) in a dropwise manner over 5 minutes. After 20 minutes, the reaction 
mixture was warmed to 0 °C and stirred for additional 30 minutes. The reaction 
mixture was quenched with a saturated aqueous NH4Cl solution and the aqueous layer was extracted with 
AcOEt twice. The combined organic layers were dried over Na2SO4 and concentrated under reduced 
pressure. The crude was purified by silica gel column chromatography (
n
hexane/AcOEt = 9/1 to 8/2) to 
give the titled compound (29.3 mg, 68%) as a colorless amorphus; 
1
H NMR (CDCl3, ) 7.32-7.25 (m, 4H), 
7.21 (d, 1H, J = 7.2 Hz), 7.09 (dd, 1H, J = 7.4, 7.4 Hz), 7.00 (dd, 1H, J = 7.4, 7.4 Hz), 6.87 (d, 1H, J = 8.0 
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Hz), 5.96-5.91 (m, 1H), 5.28-5.19 (m, 2H), 4.71 (dd, 1H, J = 16.6, 5.2 Hz), 4.36 (dd, 1H, J = 16.6, 5.2 Hz), 
3.95 (s, 1H), 3.71-3.65 (m, 2H), 2.42-2.33 (m, 1H), 1.60 (s, 9H), 1.42-1.40 (m, 1H);
 13
C NMR (CDCl3, ) 
170.0, 166.4, 153.3, 144.9, 144.0, 131.5, 130.6, 129.1, 129.0, 126.4, 125.4, 124.6, 123.6, 121.4, 120.0, 





calcd for C26H28N3O3: 430.2130. Found: 430.2130. 
 
tert-Butyl (4aR,14bR)-9-(4-Methoxybenzyl)-1-oxo-1,3,4,14b-tetrahydrobenzo[c]in 
dolo[3,2-j][2,6]naphthyridine-2(9H)-carboxylate (140c) To a solution of lactam 
134c (63.5 mg, 99.9 μmol) in 2 mL of THF at –78 °C was added 
n
BuLi (1.58 M in 
n
hexane, 68.7 μL, 110 μmol) in a dropwise manner over 5 minutes. After 20 minutes, 
the reaction mixture was warmed to 0 °C and stirred for additional 30 minutes. The 
reaction mixture was quenched with a saturated aqueous NH4Cl solution and the aqueous layer was 
extracted with AcOEt twice. The combined organic layers were dried over Na2SO4 and concentrated under 
reduced pressure. The crude was purified by silica gel column chromatography (
n
hexane/AcOEt = 95/5 to 
85/15) to give the titled compound (34.5 mg, 68%) as a colorless amorphus; 
1
H NMR (CDCl3, ) 7.35-7.19 
(m, 7H), 7.10 (dd, 1H, J = 7.2, 7.2 Hz), 6.96 (dd, 1H, J = 7.7, 7.7 Hz), 6.85 (d, 2H, J = 8.3 Hz), 6.76 (d, 1H, 
J = 7.7 Hz), 5.26 (d, 1H, J = 15.8 Hz), 4.85 (d, 1H, J = 15.8 Hz), 3.99 (s, 1H), 3.76 (s, 3H), 3.71-3.67 (m, 
2H), 2.44-2.41 (m, 1H), 1.60 (s, 9H), 1.45-1.42 (m, 1H);
 13
C NMR (CDCl3, ) 170.0, 166.7, 159.0, 153.3, 
144.8, 144.1, 130.5, 129.1, 129.0, 128.5, 128.1, 126.4, 125.5, 124.6, 123.5, 121.3, 120.0, 114.1, 109,1, 83.5, 




) calcd for 
C31H32N3O4: 510.2393. Found: 510.2398. 
 
tert-Butyl (4aRS,14bRS)-9-(4-Methoxybenzyl)-1-(methylimino)-1,3,4,14b-tetrahyd 
robenzo[c]indolo[3,2-j][2,6]naphthyridine-2(9H)-carboxylate (140d) To a solution 
of aminoquinoline 139 (97.3 mg, 150 μmol) in 3 mL of THF at –78 °C was added 
n
BuLi (1.58 M in 
n
hexane, 199 μL, 315 μmol) in a dropwise manner over 5 minutes. 
After 20 minutes, the reaction mixture was warmed to 0 °C and stirred for additional 
30 minutes. A saturated aqueous NaHCO3 solution was added to the reaction mixture and the mixture was 
extracted with AcOEt twice. The combined organic layers were dried over Na2SO4 and concentrated under 
reduced pressure. The crude material was purified by NH silica gel column chromatography 
(
n
hexane/AcOEt = 9/1 to 8/2) to give the titled compound (57.7 mg, 74%) as a colorless amorphus; 
1
H 
NMR (CDCl3, ) 7.45 (d, 1H, J = 7.6 Hz), 7.32-7.23 (m, 4H), 7.18 (dd, 1H, J = 7.2, 7.2 Hz), 7.08 (d, 1H, J 
= 7.4 Hz), 7.03 (dd, 1H, J = 7.2, 7.2 Hz), 6.91 (dd, 1H, J = 7.6, 7.6 Hz), 6.83 (d, 2H, J = 8.6 Hz), 6.73 (d, 
1H, J = 8.0 Hz), 5.27 (d, 1H, J = 15.8 Hz), 4.86 (d, 1H, J = 15.8 Hz), 4.33-4.22 (m, 1H), 4.04 (s, 1H), 3.76 
(s, 3H), 3.38 (s, 3H), 3.29-3.18 (m, 1H), 2.33-2.27 (m, 1H), 1.57 (s, 9H), 1.24-1.18 (m, 1H); 
13
C NMR 
(CDCl3, ) 167.5, 158.9, 152.2, 144.8, 144.5, 131.7, 128.64, 128.62, 128.57, 128.45, 128.3, 128.1, 125.0, 
124.3, 123.7, 120.8, 121.6, 114.1, 109.0, 82.0, 55.2, 50.1, 45.7, 44.0, 40.4, 39.4, 28.4, 27.6; IR (ATR) 2977, 




) calcd for C32H34N4O3: 522.2631. Found: 522.2637. 
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tert-Butyl (4aSR,14bRS)-14b-Allyl-9-(4-methoxybenzyl)-1-(methylimino)-1,3,4,14b 
-tetrahydrobenzo[c]indolo[3,2-j][2,6]naphthyridine-2(9H)-carboxylate (148) To a 
solution of aminoquinoline 139 (97.2 mg, 150 μmol) in 3 mL of THF at –78 °C was 
added 
n
BuLi (1.58 M in 
n
hexane, 199 μL, 315 μmol) in a dropwise manner over 5 
minutes. After 20 minutes, the reaction mixture was warmed to 0 °C and stirred for 
additional 15 minutes and allyl iodide (29.0 μL, 315 μmol) was added. After additional 20 minutes, a 
saturated aqueous NaHCO3 solution was added to the reaction mixture and the mixture was extracted with 
AcOEt twice. The combined organic layers were dried over Na2SO4 and concentrated under reduced 
pressure. The crude material was purified by NH silica gel column chromatography (
n
hexane/ether = 7/3 to 
6/4) to give the titled compound (56.6 mg, 67%) as a colorless amorphus; 
1
H NMR (CDCl3, ) 7.34 (d, 2H, 
J = 8.3 Hz), 7.27 (d, 1H, J = 7.7 Hz), 7.24-7.20 (m, 2H), 7.17 (dd, 1H, J = 7.7, 7.7 Hz), 7.01-6.98 (m, 2H), 
6.90 (dd, 1H, J = 7.4, 7.4 Hz), 6.85 (d, 2H, J = 8.6 Hz), 6.72 (d, 1H, J = 7.7 Hz), 5.48-5.39 (m, 1H), 5.32 (d, 
1H, J = 15.6 Hz), 4.65 (d, 1H, J = 15.6 Hz), 4.50 (d, 1H, J = 10.3 Hz), 4.30-4.17(m, 2H), 3.77 (s, 3H), 3.38 
(s, 3H), 3.22 (dd, 1H, J = 13.5, 11.2 Hz), 2.54 (dd, 1H, J = 13.9, 3.3 Hz), 2.44-2.38 (m, 1H), 2.29 (dd, 1H, J 
= 13.9, 10.2 Hz), 1.54 (s, 9H), 1.33-1.27 (m, 1H); 
13
C NMR (CDCl3, ) 168.3, 158.9, 154.7, 152.0, 145.3, 
144.7, 134.8, 129.8, 128.7, 128.5, 128.44, 128.41, 128.37, 125.0, 124.9, 124.3, 123.5, 120.7, 117.0, 114.0, 





) calcd for C35H39N4O3: 563.3017. Found: 563.3021. 
 
(3aRS,13bSR)-9-(4-Methoxybenzyl)-1-methyl-1,2,3,9,14,15-hexahydrobenzo[c]in
dolo[3,2-j]pyrrolo[3,2-e][2,6]naphthyridin-2-ol (150) To a solution of allyl 
pentacyclic bisamidine 148 (136 mg, 242 μmol) and NMO (113 mg, 968 μmol) in 
3.5 mL of acetone at ambient temperature, was added an OsO4 solution (20 mg/mL 
in H2O, 615 μL, 48.4 μmol). After 1.5 hours, a saturated aqueous Na2SO3 solution 
was added to the reaction mixture and the mixture was extracted with AcOEt twice. 
The combined organic layers were dried over Na2SO4 and concentrated under reduced pressure to give a 
crude material. To a solution of the crude material and NaHCO3 (81.3 mg, 968 μmol) in 2 mL of THF and 2 
mL of H2O at ambient temperature, was added NaIO4 (207 mg, 968 μmol). After 16 hours, a saturated 
aqueous NaHCO3 solution was added to the reaction mixture and the mixture was extracted with AcOEt 
twice. The combined organic layers were dried over Na2SO4 and concentrated under reduced pressure. The 
crude material was purified by NH silica gel column chromatography (AcOEt/MeOH = 10/0 to 9/1) to give 
the titled compound (83.5 mg, 75%, 2 steps) as a colorless amorphus, diastereomeric mixture (dr = 3:2); 
1
H 
NMR (CDCl3, ) 7.29-7.26 (m, 1.6H), 7.24-7.18 (m, 2.6H), 7.15-7.09 (m, 1.4H), 7.00-6.93 (m, 1.6H), 
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6.88-6.78 (m, 3.8H), 6.70-6.67 (m, 1H), 5.10-4.98 (m, 2.4H), 4.84 (d, 0.6H, J = 6.6 Hz), 3.75 (s, 2H), 3.74 
(s, 1H), 3.61-3.56 (m, 2H), 3.14 (s, 2H), 3.09 (s, 1H), 2.26-2.13 (m, 2.4H), 1.87 (m, 1H), 1.59 (dd, 0.6H, J 
= 12.5, 6.4 Hz), 1.36-1.30 (m, 1H);
 13
C NMR (CDCl3, ) 168.0, 167.9, 161.4, 160.5, 158.9, 158.8, 145.1, 
143.7, 143.4, 130.8, 129.4, 129.3, 128.7, 128.62, 128.56, 128.46, 128.43, 128.3, 128.20, 128.18, 125.23, 
125.16, 124.9, 124.4, 124.3, 124.2, 124.0, 121.8, 121.7, 114.0, 109.0, 84.8, 82.5, 55.2, 46.1, 46.0, 44.4, 





) calcd for C29H29N4O2: 465.2285. Found: 465.2281. 
 
(3aRS,13bSR)-9-(4-Methoxybenzyl)-1-methyl-1,2,3,9,14,15-hexahydrobenzo[c]indo 
lo[3,2-j]pyrrolo[3,2-e][2,6]naphthyridine (151) To a solution of hemiaminal 150 (25.4 
mg, 54.7 μmol, diastereomeric mixture) in 0.7 mL of MeOH at 0 °C, were added a 
NaCNBH3 solution (1.0 M in THF, 54.7 μL, 54.7 μmol) and AcOH (31.3 μL, 547 
μmol). After 20 minutes the reaction mixture was warmed to 60 °C and stirred for 
additional 15 hours. After the reaction mixture was cooled to ambient temperature, a saturated aqueous 
NaHCO3 solution was added to the reaction mixture. The mixture was extracted with AcOEt twice. The 
combined organic layers were dried over Na2SO4, and concentrated under reduced pressure. The crude 
material was purified by NH silica gel column chromatography (
n
hexane/AcOEt = 4/6 to 3/7) to give the 
titled compound (18.5 mg, 76%) as a colorless amorphus; 
1
H NMR (CDCl3, ) 7.28 (d, 2H, J = 8.6 Hz), 
7.25-7.21 (m, 2H), 7.14 (dd, 1H, J = 7.7, 7.7 Hz), 7.08 (d, 1H, J = 7.2 Hz), 7.00-6.96 (m, 1H), 6.91-6.86 (m, 
2H), 6.83 (d, 2H, J = 8.3 Hz), 6.69 (d, 1H, J = 8.0 Hz), 5.12 (d, 1H, J = 15.6 Hz), 5.00 (d, 1H, J = 15.6 Hz), 
3.76 (s, 3H), 3.70-3.57 (m, 2H), 3.36-3.30 (m, 1H), 3.15 (s, 3H), 3.06 (dd, 1H, J = 9.0, 9.0 Hz), 2.28-2.18 
(m, 1H), 1.90-1.84 (m, 1H), 1.69 (dd, 1H, J = 11.7, 5.7 Hz), 1.30 (dd, 1H, J = 13.3, 6.2 Hz); 
13
C NMR 
(CDCl3, ) 168.1, 161.3, 158.9, 145.2, 143.5, 129.2, 128.6, 128.50, 128.48, 128.45, 128.3, 125.2, 125.1, 





) calcd for C29H29N4O: 449.2336. Found: 449.2342. 
 
Dehaloperophoramidine (2) To a solution of hexacyclic bisamidine 151 (18.5 mg, 
41.2 μmol) in 1.8 mL of anisole was added 0.2 mL of H3PO4. The reaction mixture 
was heated to 120 °C and stirred for 48 hours. The reaction mixture was cooled to 
ambient temperature and 1.8 mL of H2O was added. 
n
Hexane was added to the mixture 
and after vigorous stirring the organic layer was removed. This washing was repeated 
additionally twice. The aqueous layer was basified with a 2.0 M aqueous NaOH solution and extracted with 
AcOEt twice. The combined organic layers were dried over Na2SO4 and concentrated under reduced 
pressure. The crude material was purified by NH silica gel column chromatography (
n
hexane/AcOEt = 1/9 
to 0/10) to give dehaloperophoramidine 2 (9.6 mg, 71%) as a colorless oil; 
1
H NMR (CDCl3, ) 7.29-7.23 
(m, 2H), 7.18 (d, 1H, J = 7.7 Hz), 7.14-7.10 (m, 2H), 7.00 (dd, 1H, J = 7.0, 7.0 Hz), 6.97 (dd, 1H, J = 7.0, 
7.0 Hz), 6.93 (d, 1H, J = 7.4 Hz), 3.72-3.69 (2H, m), 3.32 (ddd, 1H, J = 9.6, 9.6, 5.7 Hz), 3.15 (s, 3H), 3.06 
(dd, 1H, J = 9.0, 9.0 Hz), 2.26 (ddd, 1H, J = 13.2, 8.9, 8.9 Hz), 1.88-1.82 (m, 1H), 1.74 (dd, 1H, J = 12.0, 
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6.0 Hz), 1.35 (ddd, 1H, J = 13.2, 5.0, 2.4 Hz); 
13
C NMR (CDCl3, ) 172.5, 160.9, 150.8, 138.8, 132.5, 
128.7, 128.4, 127.3, 126.0, 124.0, 123.6, 122.0, 119.8, 114.1, 50.1, 46.6, 46.0, 43.2, 31.0, 29.9, 25.3; IR 









1. “Synthesis of 2-iminoindolines via samarium diiodide mediated reductive cyclization of 
carbodiimides” 
Takayuki Ishida, Chihiro Tsukano, Yoshiji Takemoto*, Chem. Lett. 2012, 41(1), 44-46 
2. “Synthetic study of perophoramidine: construction of pentacyclic core structure via SmI2-mediated 
reductive cyclization” 
Takayuki Ishida, Yoshiji Takemoto*, Tetrahedron 2013, 69(23), 4517-4523 
 
第三章 脱芳香族共役付加反応を鍵反応とする骨格構築 
3. “Dearomatizing conjugate addition to quinolinyl amidines for the synthesis of dehaloperophoramidine 
through tandem arylation and allylation” 
Takayuki Ishida, Hideo Ikota, Kei Kurahashi, Chihiro Tsukano, Yoshiji Takemoto* 
Angew. Chem. Int. Ed. 2013, 52(39), 10204-10207 
 
その他関連研究における発表論文 
4. “Synthesis of indolo[2,3-b]quinolines by palladium-catalyzed annulation of unsaturated isothioureas” 
Hiroshi Takeda, Takayuki Ishida, Yoshiji Takemoto*, Chem. Lett. 2009, 38(8), 772-773 
5.  “Synthesis of 3,3-disubstituted oxindoles through Pd-catalyzed intramolecular cyanoamidation” 
Yoshizumi Yasui, Haruhi Kamisaki, Takayuki Ishida, Yoshiji Takemoto* 
Tetrahedron 2010, 66(11), 1980-1989 
 
 72 
謝辞 
 
本研究にあたり終始御懇篤なる御指導御鞭撻を賜り、また主査として本論文の査読を担当して
頂いた京都大学大学院薬学研究科 竹本佳司教授に衷心より感謝の誠を捧げ御礼申し上げます。 
 
また、本研究を行うにあたり多大なる御助言御協力を頂きました京都大学大学院薬学研究科 塚
野千尋助教に心より感謝申し上げます。加えて、有益な御助言御協力を頂きました京都大学大学
院薬学研究科 高須清誠教授、小林祐輔特定助教、猪熊翼特定助教（現 徳島大学大学院ヘルスバ
イオサイエンス研究部特任助教）に深く感謝申し上げます。 
 
 共に研究に従事し、多くの御指導と御助言を頂いた安藤（旧姓上﨑）春陽博士（現 武田薬品工
業株式会社）並びに竹田寛修士（現 独立行政法人医薬品医療機器総合機構）、ならびに日夜討論
を交わして共に研究に取り組んだ倉橋慧修士（現 第一三共株式会社）、伊古田秀夫学士に心より
感謝の意を捧げます。また、同級生として切磋琢磨した東巧博士をはじめとして、京都大学大学
院薬学研究科薬品分子化学分野の諸氏に心より感謝いたします。 
 
 副査として本論文の査読を担当して頂き、多大なる御教示を賜りました京都大学大学院薬学研
究科 川端猛夫教授、ならびに高須清誠教授に心より御礼申し上げます。 
 
 また、本研究の遂行に際して、元素分析の実施に御協力頂いた京都大学有機微量元素分析総合
施設の諸氏に心より感謝申し上げます。 
 
 最後に、長きに亘る学生生活を物心両面で支えて頂いた家族をはじめとして、親族ならびに友
人の方々に深く感謝致します。 
 
2014年 3月 
石田 貴之 
 
